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AhOUG the very fevourable notices accorded to the pre^ 
vious treatise on the Vemtxiatifft*^ Hfating and Manage- 
mtent of Cimfrhts and Public BuiMirt^s, none was more 
greatly appreciated than that which termed it " Common 
Sense applied to Ventilation", The author »*iH be wreU 
satisfied if the present work is as favourably received, and 
has done his best to make it w orthy of such a title. 

Much scientific information in reference to the compo- 
sition of the atmosphere and other technical matter of a 
theoretical character might have been incorporated, but it 
was thought best to omit these and all historical associations 
with a view to pro^-ide a treatise of reasonable compass 
which the architect, builder and tenant might consult for 
practicaj purposes. The student of ventilating science can 
obtain theoretical physics more clearly and fuUy treated in 
several vnarks on the subject, but it is hoped that the 
present treatise will enable the ventilating and heating 
engineer, as well as the occupier of a house, to see that 
when natural philosophy is correctl)'' applied the result is 
exact and satisfactory. 

The terms " wind suction " and " wind aspiration " 
mentioned frequently in this treatise to explain the lesser 
volume of air which gets into a room owing to the reduced 
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pressure and expansion of the air caused by the velocity 
of the wind blowing outside, do not convey the exact 
meaning of the operation involved. It is the elastic pro- 
perty of air which enables the flowing wind to "drag" 
and expand the air in its wake so preventing much from 
passing through the crevices around windows, doors, etc. 
The " elastic drag of the wind " explains the action more 
correctly but less clear to the reader, perhaps, so that 
"wind suction" and "wind aspiration" have been used 
throughout for want of better terms. 

The deductions drawn and the hints given, as well as 
the objections raised to the methods widely adopted in 
fixing radiators, or to their form and position, are not 
theoretical, but are either obtained from the experience 
of the writer or from experiments which he carried out 
with the apparatus in question. 

The ground covered by the term dwelling is very wide, 
because it must include the castle as well as the cottage, 
and, whilst the chapters on ventilation, heating and 
lighting have a general bearing upon the whole area, the 
apparatus described is specially applicable to the suburban 
villa and to houses in large towns. 

In conclusion, all the subjects have been faithfully dealt 
with on scientific and practical lines, and, as no adver- 
tisements have been accepted, nor any remuneration from 
manufacturers, the weak points in the appliances used in 
dwellings have been freely criticised, and no one's goods 
eulogised to the detriment of those of equal, or perhaps 
greater, merit produced by other makers. 

OVBRDALB, ShORTLANDS, 

Kent, igo6. 
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CHAPTER I. 



PHYSICAL LAWS BEARING UPON THE SUBJECT. 



The air in a ihouse with closed doors and windows would be 
for the most part in a state of equilibrium, unless some natural 
or artificial aid was afTorded to cau:^e circulation. In the open 
air, the winds and the unequal heating of ihe sun's rays give 
rise to much movement and adrnixmre, whilst the bodies of 
men aad animals in winter and cool weather are heaters of 
considerable value, creating upward currenU which add to the 
buoyancy of tlie breath exhaled. These are the natural forces 
which cause the circulaiion of air and prevent stagnation, and 
are generally regarded as the results of increased temperature, 
primarily. Winds are usually attributed to the unequal heating 
of the earth's surface by the sun, but it is becoming more 
certain, a^ the writer ha--3 pointed out elsewhere, that electrical 
action has not a little to do with the forces exerted by lornadocs, 
and probably alao wiili much less violent movements of air, 
Theiie electrical excitements may be disregarded in dealing 
with Ihe ventilation of dwelling-houses, but in all cas.ea re- 
ferring to air movements in the open atmosphere they are of 
much interest, and further knowledge upon the subject will be 
most welcome (see Appendix No. i). Previoua to and during 
a ihunJerstarm the electric: conditions of the air both in the 
open and in a dwelling exercise considerable influence upon 
the breathing organs and upon the economy generally, but this 
state of things requires electric discharges in the near nelgh- 
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bourhood for its removal. The ionisatbn of air is referred to 
in the AppendiK, No. i- 

In a dwelling with doors and windows closed, the air is 
much confinedj and during that portion of the year when 
the temperature outside is too low to admit of the witidows 
being open with comfort, and too high to necessitate a 6re^ 
the only force available, apparently, for ventilating our living- 
rooms is the heat of our bodies and breath by day, and the 
assistance of the heat of the Uluminants by night. This is 
not altogether true, however, because the winds and air move- 
ments outside always exercise more or less influence — as will 
be noticed in the next chapter^ — and the unequal heating of 
the sun's rays upon the house and windows may be utilised 
for the purpose of ventilation^ Furthermore, the kitchen fire 
always "pulls" upon the internal air of the house, and, not- 
withstanding the chief inlet air supply and the path of the less 
resistance may be down the stairs from the bedrooms, all the 
air in the rooms will be influenced whether the kitchen is 
on the ground floor or in the basementj unless of course the 
kitchen is entirely cut off from the other portion of the house. 
The heat evolved by one human body together with that 
present in Che exhaled air is sufficient to raise the temperature 
of a room 12 feet square from 45" to 48" F, in two hours, 
if the window space is not excessive and there is no window 
or door open. Four persons will cause the temperature of such 
a room to rise from 55° to 60° F. in one hour. The heat 
evolved by illuminants, especially when gas is consumed in 
ordinary burners, soon raises the temperature of a room at 
night, and it is then that the need of ventilation is most felt. 
If the temperature of a small room in which a fire is burning 
is 60° F. when the gas is lit, and the room ig then occupied by 
four or more persons, it rapidly rises to 70" F. unless the door 
or window is opened. It will be seen, therefore", that the heat 
obtained from these two sources can be utilised to ensure 
ventilation. On the other hand, a similar room which is at 
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opposite way, what is to be done if the aspect of the larger 
room is north ? Without hesitation, both rooms should be 
used, and no show-room kept if there is a fatnily of children, 
otherwise a small room car> be made comfortable for two. 
The large room should be used at night in winter and cold 
weather^the small room in the late spring, summer, and the 
early autumn during the daytime. The above remarks apply 
to a small villa occupied by one family, and where the two 
rooms on the ground floor are used a temptation frequently 
occurs in such cases to make a drawing-room out of the largest 
room on the first floor to be preserved chiefly for show purposes. 
If there is a family no consideration of that kind should prevent 
the room being used either for the parents' bedroom or for the 
nursery. For the latter a sunny room is most beneficial, and 
it should not t)e situated in a garret beneath a roof which be- 
comes very hot when the sun shines upon it. 

The heating effects of the sun in the late spring and early 
autumn upon rooms without fires are very appreciable. In a 
room with two large windows I have seen the temperature rise 
from 55" to or over 60° F. in less than an hour. Under these 
circumstances pressure is exerted on the outside of the door of 
the room and a current of air immediately begins to pass under- 
neath, showing that the sun has caused a circulation of air in 
the room and so assisted ventilation. If one or more of the 
windows of a house facing north-west or north is opened up- 
stairs and the kitchen door leading to the hall is shut, Che open- 
ing of the door and window in a sitting-room having a south 
aspect will enable a strong current of air to sweep through the 
room and ventilate it after a morning meal. When the evening 
sun shines upon a north-west window which is opened a little 
at the top-— the door also being open^ — and the door and win- 
dow having a south or south-east aspect upon the same floor are 
likewise open, a slight current of air may be caused to flow in 
the spring and autumn from south to north when no fires are 
lit, and when the outside temperature is about 55° F. 
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The heating effects of the sun are so manifest in summer as 
to be noticed by all, and the rooms facing south are known to 
be hot in consequence ; but, notwithstanding all this, the atmos- 
phere in a room just warmed by the morning sun is exhilarat- 
ing, and it is cooler in the evening than that upon which the 
sun has juEt been shining. 

If the bulb of a thermometec is held so that the sun's rays 
fall upon it, it will show a much higher temperature than if it 
were held in the shade- The radiant beat of the sun'^s rays is 
absorbed by the bulb of the thermometer^ and the temperature 
rises. This is why the temperature is said to be perhaps loo" 
F- in the sun when it is only 70" in the shade. Not only glass, 
but most solid matter absorbs radiant heat, and thus becomes 
hotter than the surrounding air which absorbs it lesg readily. 
The walls, glassj earth and other matter upon which the sun 
shines not only absorb radiant heat, but give up this heal to 
the air which is warmed by convection, f.£., the air next the 
heated material becomes itself heated and rises, giving place to 
cooler air which in its turn is heated and rises also. If there is 
a difference of 30*' between the temperature in the sun and the 
temperature in the shade it will be seen that the force for ven- 
tilating or moving air is considerable, but the difference shown 
between one thermometer in the sun and another thermometer 
in the shade situated within two or three feet of each other in 
no way represents the full power of the sun and the shade 
vrhen the sun is shining at one side of the house and the shade 
or shadow is upon the other side. It rarely happens that the 
effects of the morning sun are sufficiently hot in this country 
to malce us study how to cause a breeze of air to pass through 
the room which faces east, south-east or south, but by opening 
a door Or one or two windows on the other side of the house it 
is quite possible to send a current through the room in question 
which has its door and window open also. Towards mid-day 
there may be no part of the house in shade, hut the north side 
will not have had its walls heated by the sun's rays so hot as 
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those on Ihe south side, and a slight current of air may still be 
caused to flow through the house from north to south. At this 
time of the day, howeverp the windows are best kept closed 
especially if there are outside blinds in position. 

If the house is surrounded by trees, the effects of sun and 
shade may not be very apparent because it is nearly all shade 
in the morning and evenings In this case, however, water 
evaporated from the earth and from the vegetation passes into 
the air as water vapour or steam, and, in the act of vapourising, 
it takes up and renders latent a large quantity of heat« This 
heat is abstracted partly from the earth and partly from the air 
and vegetation in the immediate neighbourhood so that much 
cold results, and the air in contact with the cooled surfaces 
is itself cooled and becomes considerably heavier, the con- 
sequence being that by reason of its greater density it displaces 
the warmer atmosphere and flows into the living-rooms of the 
house which are rendered deliciously cool. It is this evapora- 
tion of water and the greater density of the air resulting from 
the cooling effects produced which enable the sun and shade 
combined to be a greater pmver for ventUaiion than a simpk 
reading of ike thermometer in the sun and the other in thi shade 
class at hand would lead one to expect. When the sun shines 
upon the grass or moist earth, evaporation proceeds more 
quickly than in the shade, but the latent heat absorbed in the 
process is largely supplied by the sun's rays. Under these cir- 
cumstances the lesser density of water vapour compared with 
that of air tends to make the atmosphere, which has received 
extra moisture, ascend quickly, and affords ventilating power to 
the coaled air in the shade which hastens to take the place of the 
warm air that has gone upwards, if any free passage is afforded it. 
If there are no trees near, the portion of the house facing west 
will be most warmed by the afternoon sun, and the east and 
south-east will be in the shade. If the living-room to be occu- 
pied that evening is on the north-west or west siden it should 
^e kept as dark as possible, carefully preventing the sun's rays 
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from falling upon the furniture and other solid matter in the 
room, otherwL&e the radiant heat will be absorbed and after- 
wards given off to heat the room. Later on the window should 
be so open that the woodwork of one sash covers the other. 
The door should be open also, as welt as any door or window 
on the shady side. As indicated already it is not only the 
absence of the sun*s rays which supplies the moving forces to 
the air in the shade, but it is the continual evaporation which 
so lowers the temperature of the air that it is caused to flow 
through the house to supply the place of what has been heated 
by the sun's rays and by convection. A continuous breeze can 
thus be kept up, Sowing from the shady to the stinny side, and 
this breeze is much more refreshing than that given by a table 
fan, as the air from without has had its electro-static condition 
altered by the withdrawal of heat which has been rendered 
latent. 

In the foregoing pages a question has been more or less 
answered' — in a piecemeal fashion^which is of much interest 
to those who live in England, although it more especially con- 
cerns the inhabitants of the " Sunny South," of India and of 
other warm climates- — " What is the best way to keep a house 
cool in summer?" Is the Italian or East Indian right in 
placing lattice blinds outside his windows, rendering the rooms 
dark and leaving no window open? Woodwork or blinds of 
any non-metallic material do not absorb radiant heat nearly so 
much as glass which is indeed a very effective absorbent. 
Furthermore, the glass in windows is always more or less un- 
even, giving rise to the dispersion or concentration of the sun's 
rays passing through it, and reflecting some in every direction, 
and more or less adding extra heat to the air in the room. If 
the window is not protected by some form of blind on the out- 
side, so shielded at the ends that no rays can penetrate and no 
light be reflected, it is impassible to prevent the glass oi the 
window giving rise to much heat whilst the sun is shining upon 
Et. No inside blind, however coloured, will prevent much <■ ■■ 
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thin heat Ijdcoming effective, and some sunlight, often a great 
deal, will he deflected Trom the glass through the openings on 
the *idcs of the blinds and so add to the heat of the room. A 
good lattice or othicr bhnd on the outside which will thoroughly 
prevent the sun's rays reaching the window is most desirable. 
The Jjucstion may be asked, "Should this blind be so con- 
structed that all the diffused light possible shall enter the room 
only excEuding the sun's direct rays ? " For the purpose of kill- 
ing germs In bedrooms a little warm sunlight is efScacious, and 
this should be obtained before to a.m. in the suramer; but, 
ahhouijh the heating effects of deflected and diffused sunlight^ 
have not been recognised hitherto, they are vety appreciable, and 
it is almost impossible to prevent them altogether unless light is 
eniirdy excluded. Many modern churches which have stained 
glana windows are remarkably cool in summer compared with 
other buildings, and this is not in consequence of the walls 
bciny very thick like tliey are in those churches of older date, 
but is due to the fact that little light gets into them and that 
the direct sunlight is filtered through coloured glass which pre- 
vcnta the beat rays passing. To keep a room mtd in summer it 
is btst made as dark as possible. 

Now as to currents of air, should the windows be open 
when the outside blinds are down? We have seen that if the 
north windows are open a current of air will travel from them 



' The sun'B. rays falling upon the aurface of a pond affords a good 
illustration of the heating effects of reflected and diffused suniight, It 
has been shown that the evaporation of moistiire cau&ee tno[rh cold, and 
p&rs'J'ns in a boat Od the W-iter would be chilled by Lhe rapid withdrawal of 
heat from the air immediateJy above the water were it not that the Fiun- 
ligllt ia reflected by the water arid diffused by every Irregularity of the 
surface. The surt'a rays so thrown back warm the moiBt air from which 
the heat rendered latent has been absorbed and tempers it, so that it is 
not raw or unpleasant. If the reader haa noticed how chilly the surface 
OT margin of a pgtid become^s when the day has been hot and the sun has 
been sjddenly hidden by a cloud, he will appreciate the heating effects of 
leflectedl and diffused sunlight. 
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towards and through the south windows in the morning, and 
otV« v^rsa in the late afternoon. In the morning before lo am. 
the ait moving from the north windows towards those on the 
south side will purify ihe rooms, and, in this country, 5ead to 
little extra heating. During' the day from ii A.M. to 3 p.m. all 
the windows should be closed and the rooms kept as dark as 
possible excepting the attic windows which should be open all 
day unless the roof is of straw and thatched. Through these a 
current of air will travel from north to south in the morning 
and south to north in the evening, and the mid-day sun will so 
heat the roof, especially if it is slated, that the air outside wilt 
be less hot than that in the (ooms next io the roof; and the 
closing of the atlic windows would consequently add to the 
heating effects. 

The foregoing remarks upon the heating effects of the sun 
refer chiefly lo detached and semi-detached houses, and lo 
those in streets running east and west where there is a free way 
for air to pass from the north windows to the south by simply 
opening doors. But there are blocks of tenements facing north- 
west and south-east in which, unfortunately, the rooms occu- 
pied by the family all face one way, and there is no open 
passage between the tenement with the north-west aspect and 
the one with the south-east aspect, but simply a parting wall — ■ 
the entrance being at one end of the little flat. In tenements 
so arranged there is no chance to get a current of air to move 
in summer time, and the pent-up, roasting atmiosphere can be 
better imagined than described. It is a pity that those who 
have the providing of such homes for the poor do not exercise 
a little common-sense in the matter, beciuse any other method 
of arrangement of the flats would enable the occupants to get 
a breath of air. When the sun sinks on a hot summer day the 
flats on the north-west are simply ovens, and there is Little 
wonder that men feel compelled to walk miles to open spaces 
like Hampstead Heath to obtain sleep which it is almost 
impossible to get in the tenement. It is extremely difficult to 
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ventilate small rooms in any position, but, unless every facility 
is afforded, it is impossible to mate those sanitary in the 
summer in which no fire has burned during the day-time. 
Where the poor herd together in single rooms, the one room 
is both, kitchen and bedroom^ and a 6re is lit every day. This 
adds to the heat in the day-time, but at night, both in summer 
and winter, much air is forced into the room and up the 
chimney-flue, and the occupants are considerably better oft 
than are those who sleep in a small room in a tenement which 
has had no recent fire and upon which the sun has shone with 
all its power before it sank below the horizon. 

In a previous treatise it was pointed out that the effects of 
wind require careful calculation in considering the sites for 
public buildings, and that such considerations were neglected. 
In like manner in the arrangement of flats, small or large, and 
tenements, the aspects of the building should be carefully noted, 
and the plans drawn accordingly, so as Eo get all the ventila- 
tion possible by natural agencies ; but this has been frequently 
forgotten hitherto, and in some cases apparently not even 
thought of. 

The unequal heating of tbe sun's rays gives rise to the 
breezes which blow in summer. The change of direction which 
these latter take in consequence of the hills and valleys being 
heated by the sun's rays, or because of their being shaded from 
them, gives rise to varying currents, and an intensely close 
warm atmosphere may be caused to follow and occupy the 
place of a cool and denser one which has moved forward to 
sweep out and upward the air in a warm, sunny basin or valley. 
When such an atmosphere surrounds and gets into the house 
it frequently has the same effects upon the human economy as 
are experienced during a thunderstorm, so that one is led to 
think such results must be due to sonie electric condition of 
the air. When air is very hot and moist, however, distressing 
feelings are always experiencedj and these are due to the fact 
that the moisture exuded from the pores of the skin is not at 
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once removed by a moisture-laden atmosphere, and the skin 
becomes moist and clammy. This hot) moist air which has 
taken Che place of air that was cooled is lighter, and as it sur- 
rounds the house and is drawn in by the heavier air flowing 
out, it finds the tnierhr brickwark in a cooler wndition than it 
is itself. The consequence is, that as the air is drawn '\nX.o the 
flues of those chimneys where there is no fire, it is cooled 
somewhat and becomes heavier. This denser air xtimbles down 
the chimneys and makes its way into the rooms below, thus 
establishing a down current. This ejcplains why it is that the 
smell of tarry soot is sometimes, and, in some situations, fre- 
quently, sroelt in the living-rooms in summer. Where the ground 
in the immediate neighbourhood favours the formation of these 
hot spells of laoist air, the housewife should be carefiil to have 
the chimneys well swept after fir^s have been given up in the 
spring-time. In a drawing-rooui where the smell is persistent 
and frequent, and it is going to be used for a state occasion, a 
Japanese fan can be spread in front of the grateopening to 
close it as much as po5sible, but having the ngisttr o^n^ and 
a small oil lamp placed behind this fan in the grate. Such an 
arrangement will prevent the air descending and the nauseous 
smell also. 

Temperature. — ^The foregoing considerations partly deal 
with temperature— with heat and cold— but the question as 
to the best temperature to maintain in our dwellings duritig 
weather when it can be more or less controlled will next have 
attention. The fresh-air craie so recently advocated and 
adopted for the cure of consumption is fast losing its hold upon 
the community, and this is only what was expected by most 
people. No one witl deny the need of good ventilation and of 
more fresh air than is generally admitted into our dwellings, 
and especially our living-rooms ; but there is no question that 
a feeling of comfort is of much more value to one sitting for 
hours in a living-room than is a decrease of -i per iq,ooo in 
the carbonic acid. Whilst on this subject, a word of caution is 
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necessary to those who sleep in the winter with the windows 
considerably open. Consumptive patients not unfrequently 
sleep upon open balconies facing south or south-west in winter, 
but by coratnod consent the buildings are pkced near the top> 
or on Che creat of a hilL This is well, although the reason 
why, apart from the greater air movement, is not generally if at 
all known, but in the evening and night-time there is frequently 
a change of air current, and now and agftin the air from the 
upper regioTis in its dry and frigid condition presses down to the ■ 
earth. The velocity of the air currents moving near the earthy 
and their greater density proportionately, prevent the upper air 
generally flowing downwards, because the barometric pressure I 
decreases as we ascend ; but this descent of cold air does some- 
times occur towards evening and in the night. The warmest ait 
is in the valleys, and when these currents descend it is into the ■ 
valleys they pour. Those who will imitate the patients sleep- 
ing in the open had better remember that this frigid atmosphere 
from above has a most deleterious action upon the breathing 
organs, giving rise lo chillf inflamraalion of the lungs and 
bronchitis. The effects are the same as when one descends 
into a cold crypt or dungeortf only that the jierson sleeping has 
far less vitality to resist the action of the sudden inrush of 
frigid air. Although a hill-top is colder tlian a valley — /.f., its 
actual temperature is colder^the air is not susceptible to such 
sudden variations, and those who live in valleys and sleep in 
rooms with north or north-east aspects will be well advised to be 
careful that, in seeking to obtain fresh air^ death or permanent 
injury may not come in through the window. The head of 
the bed is best placed as far as possible from the window, so 
that cold air flowing in shall diffuse and become more or less 
warmed before it reaches the lungs. In the foregoing remarks 
it has been assumed that no fire has been Ht in such a bed- 
room. If there is a fire it will cause much air to come in 
and ventilate the apartment, even if the door and window are 
closed. No warm or vitiated air will escape through the 
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top of the open window unless it is much lowered, because 
the fire will take its supply along the lines of the least resist- 
ance. If the weather is very cold the window had better be 
closed. With regard to the best temperature for a bedroom in 
winter, it has been contended that the colder the atr is the 
more oxygen it contains, and this is true. The same persons, 
howevefj would extol the health-giving properties of mountain 
air, providing the altitude was not above 5,000 ft. Now there 
is far less oxygen in one cubic inch of air at 32° F. on a moun- 
tain 4,000 ft. high than there is in air at 6a° F. near the sea- 
level, because the mountain air is rarefied. The question of 
the amount of oxygen may therefore be set aside. In deter- 
mining the temperature of the air for a bedroom three points 
have to be considered. 1. The room should be sufficiently 
warm for the sleeper to require little weight of clothing. 2. 
The air should not be too warm to allow the removal of 
moisture from the skin as soon as it is exuded. 3. The room 
should be as warm as Nos. 1 and 2 will allow, so as not to 
throw extra work upon the [ungs and blood in maintaining, the 
temperature of the body. A temperature of 55" to 60° F. fulfils 
Nos. T and 2 admirably, and answers No. 3 much better than 
a lower temperature. 

The best temperature for the sctting-roomfi is 62° to 63' F. 
Those who suffer from cold extremities may like 64° or even 
65'' better, whilst others with good circulation and much vitality 
prefer 60" F. It will be seen that the range of temperature is 
therefore very small. The experience of those who have had 
to do with the ventilation of the House of Commons proves 
that air at 62* to 63" F, is what suits the majority of the 
members, and the author has noticed from repeated and fre- 
quent observations in his own home, which is heated with hot 
water, that 62" is a temperature generally enjoyed by the family 
for the sitting-rooms. For a billiard-room where active play 
is going on 60° F, is pleasant, and the drier the air in reason 
the better — 60 per cent, of saturation by aqueous vapour being 
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very satisfactory. A temperature anything above 6^" in winter 
in our living-rooms feels enervating, and if the moisture from 
breath or from that of burning gas as an illuminant is largely 
present the feeling of depression and enervation is vastly in- 
creased. When a number of persons occupy a small room. 
having a fire and gas-lights btimingj it soon becomes very hot, 
and the door or window, notwithstanding the draughty has to 
be opened. The feelings experienced are usually the thermo- 
meter in most households, but these rarely indicate the extent 
of the pollution until themischief has assumed bad propartions. 
The consequence is that the air in the room has been allowed 
to become much too hot before the window or door was 
opened, and so cause the draught to be more pronounced and 
intolerable than would be the case if the admission of cold air 
was made when the temperature of the room was 5° less. A 
thermometer only costs a shilling — a reliable instrument too— 
and if one is provided in every sitting-room, and indeed in 
every bedroom also, it will well repay the trifling outlay. A 
thermometer should be regarded as part of the necessary 
, furniture of every room. Where one is in position, it is sur- 
prising how often it is consulted, and there is no question that 
its presence adds much to the care with which the ventilation 
of a room is looked after — and this the author can vouch for 
from his own experience. 

Ventilating Pressure. — Wherever there is friction en- 
countered, and there always is when air is moving either upon 
itself or against Che surface of inlets, the edges of doors and 
their frames or the edges of windows and their frames, and a 
fire is burning in a room and the doors and windows are shut, 
the difference of pressure upon the air in the room and that 
upon the air outside at the same level is very appreciable. If 
the window is opened as fully aa possible, there will usually be 
a slight difference of pressure — a lesser pressure in the room 
than there is outside — whilst in cold winter weather (with win- 
dows and doors closed) the difference is often sufficient in 
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small rooms to cause the air to travel under doors and around 
windows and through every available chink at so high a velocity 
as to make the draughts intolerable. The larger the room the 
less will these movements of air be noticeable, but the partial 
vacuum will be the same, providing a similar volume of air gains 
access, from without, and the " puU " of the chimney is the 
same in either case. Since the fire creates a partial vacuum in a 
room no more air can be drawn or driven out either at the same 
or a higher level than the fire, without first overcoming the ex- 
kausi power of ike fire, and if this is done it means that the 
chimney muit imoke. It Is scarcely possible to conceive that in 
the twentieth century it is necessary to refer to the reduced 
pressure in a room where a fire burns, but air-shafts are still 
buih alongside chimney-flues with the expectation that they 

»will extract 3\x from the room and assist the fires in ventilating. 
This matter is further mentioned in chapter v. The question 
may be asked, however, " Is it not possible by the use of suffix 
cient ventilators In the outer walls to bring the pressure in a 
room high enough to cause separate air-shafts between the flues 
to operate ? " The answer is that it can rarely be done with 
Comfort in a reasonably sized living-room, and that the tempera- 
ture of the smoke and air in the chimney would be so greatly 
lowered Chat the heating effects upon the air-shafts would 
be much reduced also- If the flue is in the inner walls and 
has a " good draught," the ventilation of the room so far as the 
withdrawal of foul air is concerned can be accomplished much 
better by a sensitive chimney-breast ventilator. If the flue is 
in an outer wall, cold and damp, attempts to use open venti- 
lators and increase the pressure up to that on the air outside 
will only cause Che current of air and smoke ascending tke 
chimney to be cooled further, and the ventilating power of the 
chimney will be so much reduced that the suction upon the 
rentilatorii and crevices around windows caused by a swirl of 

I the wind near the ground outside would immediately overcome 
the upward draught in the chimney and cause the fire to smoke. 
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As wEU be further pointed out in the next chapter, it is not 
wise to have too muck air provision in, rooms which have cold 
chimneys in outer walls. 

These considerations lead up to the question of ventilating 
force and to how one can calculate the ventilating power of a 
chimney, and determine how much of this is lost in friction by 
reason of the air being forced through staal! crevices between 
window sashes and their frames and between doors and Iheir 
frames as well as the loss due to friction through the air and 
smoke rubbing against the sides of the chimney- flue. It would 
be a great boon to the builder as well as to the occupier if there 
were some ready means of estimating the ventilating power of 
a chimney, and if it were possible to give a minimum ventilat- 
ing force for every chimney, then by simple calculation tt could 
be at once seen whether it possessed the necessary power or 
draught. For those who wish to calculate ventilating pressure, 
figures and tables are given in the appendix ; in the text, haw- 
ever,, except where it is necessary to show how certain physical 
laws operate, calculations of ventilating power will be dispensed 
with, for the simple reason that they are not possible in practice, 
and, therefore, waste of time to indulge in them. If it is a 
question of draughts which the client wants remedying^ it tnay 
be concluded that the ventilating power of the chimney is ample 
and that the incoming air requires distributing, or the volume 
escaping may require to be moderated if the chimney is very 
high. If, however, the chimney smokes, It is not by any means 
an easy matter oftentimes to estimate whether the ventilating 
power of the chimtiey is sufficiently potent should the flue be 
in the outer wall, as there are so many points which have to be 
considered. For instance, want of a proper damp course, use 
of salt-water sand in the brickwork, the aspect of the wall in 
which the chimney is built, the size of the flue, proximity of 
other houses, effects of winds and many other considerations, 
all of which have to be taken into account. It may usually be 
concluded that where the velocity of the smoke entering the 
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chimney is 5 feet per second when the doors and windows 
are shut the ventilating power of this flue is satisfactory, and the 
volume of air coming into the room reasonably large, but if that 
velocity has been taken when the temperature outside was below 
3^5" F. and when the prevailing and most troubling winds were 
not blowing, things may be, and often are, very different at 
higher temperatures when choppy and severe or gusty winds 
are prevalent. Again, the want of this velocity of 5 feet pet 
second in the smoke above the fire is no proof that the ventilat- 
ing power of the chimney is deficient. Some small rooms with 
large flues, having doors and windows very close-fitting, show a 
great want of air, and the velocity is reduced in consequence. 
If the door OT window is opened somewhat, the veloctiy will be 
iticrea&ed, revealing the fact that the chimney draught is ample, 
and Dot unfrequently in very high buildings even excessive. 
FurthermorCj. it is possible that on one side of a house on the 
ground Boor where three fires perhaps are burning in rooms 
adjoining each other^ the velocity of the air in the chimneys is 
very small indeed, whilst one smokes badly during rough winds. 
This state of things may not be due, and often is not due, to 
lack of ventilating power, but to the fact that the air supply in 
that part of the house is not sufficient to feed more than two 
chimneys. This is proved to be the case, for when two fires 
only are alight, there is a good velocity in the chimney-flues 
and no down-draught In public buildings set apart for offices, 
it frequently happens that the air getting Into a suite of offices 
will not support the three fires. The ventilating power of one 
chimney may be overcome owing to the position the top of the 
chimney occupies upon or under a roof. Let not the reader 

I conclude that the difficulties of this subject are unduly magni- 
fied, or that the mystery of variations in ventilating pressure might 
be clearly elucidated, for such is not the case. This question 
is beset with so many complications that unless one fully con- 
versant with them all considers them on the sp)ot, it is almost 
impossible sometimes to determine what is really happening, 
• - 
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Ie witl be best to consider the physics of ventilating pressure 
a little closely so as to grasp certain facts bearing upon the sub- 
ject — facts which fortuoately are exact and invariable, for the 
physics of this subject, mysterious as it has manifested itself, 
are as certain as tnathetuatics ; and vendlation will prove to be 
an exact science when we know all the side issues which inter- 
fere with the correct working of the physical laws. It is quite 
possible to estimate the ventilating power of a chimney if one 
knows the average temperature of the smoke in the flue and the 
temperature of the air outside. Let us assume that the height 
of a chimney from just above the opening of the grate to the 
top of the chimney-pot is 40 feet, and when the air outside is 
at 32° on a certain day the average temperature of the smoke 
in the chimney is 82" F. The ventilating power of the chimney 
depends upon the difi'erence between the weight of a column 
of the air outside of the satne height as the chimney and that 
of the smoke and air in the chimney itself. As the weight of 
the smoke cannot be estimated — i.e., of the unconsumed coal — 
it will be assumed for the purpose of calculation that the atmo- 
sphere in the chimney is heated air. So 40 cubic feet of air 
at 33" F. weigh 3-23 lb, and 40 cubic feet of air at 82° F. = 
2'g4 !b. The difference is -29 lb. or 4"64 ozs. per square foot. 
This pressure will give rise to a wind in the open air travelling 
at more than 10 feet per second. The velocity of the smoke 
in the chimney-flue as tested by a sroaU and delicate anemometer 
appears to be between 5 and 6 feet per second : how is the 
difference accounted for? It is simply due to the friction, 
mentioned already, encountered by the air in getting into the 
room, and by the smoke in getting out of the chimney. What 
is the actual loss due to the friction^ when '075 lb. or i^ ozs. 
per square foot will give rise to the same velocity in the open 
air as is found in the smoke ascending the chimney? This 
pressure is rather more than one-fourth of the ventilating power 
of the chimney. It may be assumed^ therefore, that after 
allowing for the extra weight and drag due to the smoke that 
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two-thirds of the ventilating power is used up in friction. It 
must be noted too that a velocity of 5J feet per second in the 
smoke column can only be obtained when reasonably good pro- 
vision has been made in the shape of air Inlets, and it is not an 
uncommon thing to find that three-fourths at least of the ven- 
tilating power of the chimney has been used up in friction. 
Just another calculation with this same chimney for spring 
temperature wiil show what the ventilating power is like then. 
Taking the outside temperature in spring at 52" and the average 
temperature of the smoke at 92'~4o cubic feet at ^2'' = yJ2 
lb., 40 cubic feet at ga''-j'39lb. The difference is '33 lb. 
or 3'68 02S. per square foot. Another chimney Is 30 feet 
high, the spring temperature outside Is 52" and the average 
temperature of the smoke is 92° as in the former case — 30 
feet at 3?" F.-3-34 lb. and 30 cubic feet at 9a' = 2-i7 lb. 
The difference is '17 lb. or 272 ozs. 

The above calculations prove three points. 1. That the 
colder the air is outside the greater will be the difference in the 
weight between a column of air of the same heightas the chimney 
and that of the smoke column in the chimney itself. In other 
words, the colder the air outside the greater will the draught be 
in the chimney. 2. The higher the chimney the greater will 
be the difference in density between the columns of air and 
smoke, .nnd the greater the ventilating power, ^ 3. By increasing 
the heat of the smoke and air passing up the chimney the 
difference in density between the column of air outside and 
that of the smoke in the chimney wilt be increased and so add 

I There Ib aomciimes an apparent exception to rjt«9 one and two. 
If the chimney is in the outfii' wall folJy csposed to the cold winds, and 
Iheee ue blowing strongly, the cooling eETect of Che wind upon the hrlck- 
woik of the chimney may rei^uce the heat of the Bmokc column so greatly 
Bb to overcome the extra ppwer fucnislied by a, low lemperature upon Che 
air autsidi::, or that due to an uxtra height of chimney. These txceptions 
■Only prove the rule, however, but they must be reckoned with. Such a. 
state of things can be ovetcome generally by taking advantage of point 
No. i and sending a hotter column of ^moke up the chimney. 

a* 
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to the ventilating pressure. This is the only reliable cure for 
cold chimneys in the outer wall. 

The architect of a new house can increase the ventilating 
power of a chimney by inserting i a-inch pipes instead of a 9 x 9 
inch flue, or make the brick flue 14 x 9 inches and thus reduce 
the friction, but this is not always advisable as will be shown 
in sequel. Again, the ventilating pressure of a chimney may 
be considerably increased by seeing that it is frequently and 
properly swept. 



CHAPTER II. 



VENTILATION OF DWEUttNOS. 



I 



Vkntuation or a Housk.— The rctnatks on this subject will 
be more general than parti<nilar, wilh a view to prevent repeii- 
lion aa murh as posalLlc. It will lie best to deal v/'ix\\ ihc 
kitchen i\nt. Where this is in a acpnmte wing with a passage 
between it and the hall, there is not much diflicuHy in kecpinR 
Che »mell of cookmn; frain the rtsi ai the honsc In this casCy 
if [he pasiiagc has nu room above it, a gotid-sixed louvre venti- 
lator At the lop will allow any hented air which would gi;l out 
of the kitclitn to esca[)e through. In dcsigninp new kitchens 
where expense is not much olijeet, they ore hesi made wilh nu 
ruoni above and nfj vcntilnted overhcjid thnt 11 itir in drawn inlo 
it from the main building by the pull ol therhimney^ no heated 
air charged with th^; vapours of boiling fat and other odours 
will move back into the house itself. When cooking opcritlions 
Are in progress, a large number of chinineys will have suffi* 
ctcnt draught tu jiermit of a c-himney-brcast ventilutor being 
worked near the ceiling, and if there waa sueti provision the 
cooking Bmellii would be vastly Ichm [lotcnt. There is no doubt 
these odount are the greatest nuisance in ordinnry villtvB nnd 
houses, and there is no doubt, too, that Ihcy give riue to most 
lerJous evils where delicate persons of sinnll appetite breathe 
them, so ihat if sm:h can be prevented from pervading the 
houiie and living-rooinii gc^nerally niueti g<)od will renull. It 
will be worth while devoting some symve to this eoniiideralion. 
ly a housewife knows to her sorrow thiil the:He nnicllii arc 

21 
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deleterious and that they could be rendered much less pungent 
if the cook would only keep the kitchen door shut, but the 
cook will not do so, nor will the housemaid help in this direc- 
tion. It may be worth while, therefore, to ask the question : 
'* Why is it that the door leading to the hall is so persistently 
left open ? " There are two reasons : 1 . When the ovens are 
being used and great heat evolved by the range, a very large 
volume of air is drawn through the fire. If the back door is 
opened to supply this, the draughts are intolerable in cold 
weather, hence the air is drawn through the house in pre- 
ference, because it is not so frigid. 2. If both doors are 
closed the kitchen gets so hot as to be unbearable. The cook, 
therefore, knows from experience that it is best to get the 
air from the house and accordingly wiil keep the door open. 
The occupier at this point may be inclined to ask a question. 
"Why is it that the smells come into the house even if the 
door is left open when so much air is required by the range, 
and so much has to come through the door ? " The reason is 
that the air in the kitchen waiting, so to speak, to get into the 
fire of the range is greatly warmed and rises to the upper part 
of the room. More air can come through the doorway fr6m 
the house than is required to feed the fire, so the heated air 
escapes through the top portion of the open door and finds its 
way back into the house to supply the place of a part of the 
cold air which has moved forward into the kitchen, and this 
warm air is laden with the smells of cooking. 

The best remedy is to keep the inner door shut and make the 
cook open the window and the outer door a little. If the top 
window sash were opened i J inches and the bottom sash almost 
the same, much air would get to the range and the draught 
would not be greatly noticed. The door leading to the back 
should have a chain which allowed it to open ij inches, and 
the air coming in under the bottom sash and that from the 
door would not only supply the range but allow a little to 
drive out the heated air and smell of cooking through the 
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Opening above the upper sash of ihe window. A good-sized 
Sheringham ventilator, i8 x 6 inches, Fig. r, fixed near the 

ceiling in the outer wall and farthest away from the table where 
the work is done^ ought to be provided in every kitchen. 
With such provision it is quite possible to prevent smells 
during the earlier progress of the cooking, but when the cook 
has to carry the results of her labours through the kitchen 
door towards the dining-room it is not easy to shut the kitchen 
door, and the living-rixims are soon pervaded by objectionable 
odours generally. To obviate this, if there is a passage lead- 
ing from the kitchen to the other part of the house, a swing 
door of very light material should be placed between the 
kitchen door and the rest of the house, which can be opened 
by a gentle pressure and 
close behind one passing 
throui^h with a tray. If the 
kitchen door opens into a 
hall on the ground floor, 
a curtain of light material 
with a lath of wood inserted 
in the boitom and not reach- 
ing low enough ro drag on 
the ground will prove to be a very useful addition. A 
curtain of this kind reacliing two-thirds down the doorway, 
having a thin wood lath at the bottom to stop the air blowing 
it through the kitchen door, will allow the cook to keep the 
door open and still prevent most of the smell being driven back 
into the house, because the cold air passes under the curtain 
whilst the latter does not allow the hot air and smells to leave 
the kitchen. This is an excellent arrangement. Should the 
kitchen be in the basement or sub-basement, and the stairs 
end in it, the difficulty ot preventing the smells getting into the 
house above it is enhanced, because of the ceiling slanting u|>- 
wards above the stairs. In such a case the door generally 
opeus into the hall. The best plan then is to see that the door 



Fig. 1. — Sheringhaiu Ventllaior. 
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is covered on the outside by a hanging curtain, and that a cord 
is fixed at the top of the door in connection with the bottom of 
the curtaid, so that wheti the door is opened the curtain is 
raised up one-third of the height- In this way it can be easily 
moved aside by one coming up, and the hot air and smell much 
prevented from ascending to the upstair rooms. If the door 
leading from the kitchen to the house is open and a curtain is 
hanging two-thirds down, the opening of the back door or the 
windows widely would cause heated air and smeEl lo be driven 
into the house — when tkese are open ihs middle door should Be 
always skut. The cook should be careful to shut the back 
door and not keep the windows much open when the food is 
about to be carried to the dining-room. If these provisions are 
made, and the details mentioned are attended to, the smells 
from cooking will be reduced to a minimum. 

The ventilation of the cellars or the basement of a house 
rarely receives the care which if demands ; hence the rooms 
there are usually damp and the air has a stale odour. If the 
kitchen is in the basement any rooms or stores adjoining can 
be easily ventilated by inserting a perforated brick near the 
floor of the kitchen with a way through to Che place to be 
ventilated, and then allow some air to come from the outside 
into the upper part of the space which requires to be ventilated. 
Perforated zinc may be used to check the too rapid inflow of 
air, and larders in (he basement can thus be easily ventilated. 
If there is a boiler in the basement which heats the water 
circulating through hot-water pipes, adjacent stores and rooms 
can be ventilated by its aid. 

If there is no fire in the basement the matter is more dilH- 
cultj unless there are fire-places provided. Where there are, 
the wannth given to the chimney-flues by other fires above 
ground will cause an upward current, and if adjoining rooms 
are connected to the one with the upward current by perforated 
bricks at the bottom of ihe floors, and the rooms have ventila- 
tors or perforated bricks near the ceiling leading to the outside 
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uXt or to the window giving lights the basement wiU be much 
benefited. It is a very decided advantag,e to have each room con- 
nected at ihe bottom and at the top when the basement is not used 
to live in, because the wind produces suction near the ground 
and will often cause air to ciiculale from front to back and from 
side to side. In the wint<:r, the tempet^lure of tbe air in the 
basement will often be higher thaa it is outside, and fresh air 
will get in best then if it can Bnd its way to the bottom of the 
basement, and the ventilators should be arranged so that the 
warmer air can escape at the top. In the summer the air is 
cooler in tbe basement than it is outside, and, where the base- 
ment is under the ground level all round the house, the air is 
very stagnant at this time of the year. The windows should be 
opened frequently, and every opportunity given far winds to 
cause movement of air. If the ground slants so that the bottom 
of the basement is level with the surface at any point, the rooms, 
stores or cellars should have one or two perforated bricks fixed 
in each parting wall near the floor level, and a hit-and-miss 
ventilator in the outer wall at the point where the ground out- 
side is level with the Boor of the basement, so that the cold air 
will flow out from store to store, and eveiitually through this 
ventilator in tbe outer wall. There should be ventilators at the 
top of the rooms which are below the ground level, so as to 
allow warm air to get in to take the place of the cold air which 
flows out. No fear need be entertained that more air than is 
necessary for ventilation will get in, nor that the basement wiU 
be rendered warm in consequence. In many cases, for want 
of this arrangement, basements ate in a very bad condition in 
summer. 

A word of caution is necessary to householders in reference 
to the air grids placed in outer walls for the purpose of ventilat- 
ing underneath the floors. If only one grid is used to a room> 
the circulation of the air under the floor is very slight indeed, 
^nd two grids are desirable ; but if a communication is left 
open under each floor from room to room, so that the air can 
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get from front to back or from side to side of the house, as the 
case may be, much better results will be obtained. A very good 
method of ventilating small rooms is to let a little air get 
through the skirting all round from under the floor, and strong 
draughts can be thus avoided. In severe winter weather the 
leakage of air into rooms through crevices between the boards 
of tbe floor is often sufficient to prevent the fire warming the 
room, the result being that the grids or ventilators on the out- 
side of the house are closed up altogether. Grtat cars sheuid 
de taken lo nnawe these stoppers as soon as iht frost is (wer, 
DtherwiBe the boards will become rotten, and miasmatic damp 
perhaps get into the rooms. Persons suffering from rheumatism, 
and indeed those who do not want to get it, hviiig in low^Iying 
districts^ should be careful to ascertain that the floors are well 
ventilated underneath, and that the ventilators are kept open. 
This matter ia much more important than it looks^ and where 
houses have been, built upon land which has been filled up with 
refuse material, unless the floors are ventilated and there is 
way from front to back underneath them, very serious injury 
to health may result. 

The general ventilation of a ground floor will be next con- 
sidered — 'the ventilation of a kitchen has already been referred 
to. The other rooms are usually self*contained, and if there 
are any ventilators ihey are generally fixed in the outer wall of 
the room itself. If fires only are used, and there is no hot' 
water apparatus Installed, air may in some rare cases be taken 
from the hall, but it is wise to make each room draw its own 
air supply, independent of the rest of the house. The dining- 
room, if much used as a living-rootn, and if it is this which does 
duty for a smoking-room also, should have a sensitive chimney- 
breast ventilator near the ceiling, and a suitable grate for work- 
ing it so as to prevent the fire smoking, especially if the flue is 
in the outer wall. The value of the chimney-breast ventilator 
cannot be too greatly magnified. Since the days ivlien Dr. 
Arnott brought this prominently before the public it has be- 
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come somewhat discarded, see page 57, where this subject is 
dealt with more fully. It is impos.sible to ventilate any room 
thoroughly unless the air be drawn off near the ceiling. Some 
authorities state " that providing there is a velocity of 6 feet per 
second up the chimney, the room will have all the air it requires 
and will be well ventilated ". After allowing for soot, a flue 
9 X ginches wouM perhaps conveyjcubic feet of airper second, 
1 80 cubic feet per minute, and 10,800 cubic feet per hour, a very 
fair amount for an average family. But unfortunately three- 
fourths of thjs volume of air passes along the floor of the room 
if it is small, and gets to the fire without taking much part in 
the ventilation, and one^half, at least, ascends the chimney 
without being of the slightest benefit in removing the products 
which are due to breathing and to 
the burning of illurainants, if there 
are any. It is only necessary to 
place a delicate aneuiometet upon 
a floor between the door and the 
ftre-place to find that the fresh 
air is sweeping along at a. big 
pace, and does not greatly mix Fig, a.-lmprpved ArpottValve. 

with or dilute the heated products above. As this is the 
case, it stands to reason that what is wanted is to stop much 
of the air going up the chimney just over the fire by means 
of a suitable grate, and cause the extra heat of tiie hotter 
smoke to aspirate and work an Amott valve, Fig. 2, in the 
chimney -breast, when the heated breath, and vapour from the 
gas or other illuminanl than the electric light, having ascended 
near to the ceiling by virtue of their lesser density, will be 
driven into the flue and expelled with the smoke. There are 
many chimney ventilators on the market, some having mica flaps 
oT/a/firr madik valves to shut against a down curreni, and to 
prevent the rapid closing of the door of the room bringing 
smoke backwards, but even mica flaps are not nearly sensitive 
enough, and a chimney ventilator should have its valve poised 
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SO that the slightest breath of air will move it The author has 
frequently found well-made ventilators with mica flaps abso- 
lutely useless. If 10,000 cubic feet of fresh air come into a 
roam per hour, and one-half of this is drawn off by ventilators 
in the chimney-breast, the occupants of the room will probably 
breathe air only oncthird as contamitiated as )f the whole of 
this were allowed to ascend the chimney just above the fire. 

Every dining-room should have a chimney-breast ventilator, 
then sufficient outlet ventilation will be provided. For inlet 
air mach will depend upon the number of doors and windows 
In the room. If the window surface is small and there is only 
one door, a Sheringham valve, Fig, i, p, 33, or a like arrange- 
ment should be fixed in the outer wall at the farthest point 
from the fire and within a foot from the ceiling. It is best to 
have these long and narrow rather than square. In a room 
16 feet X 14 feet such a ventilator should be 14 x 4 inches 
over all. In a room 20 feet x 14 feet it might be ig x 4 
inches over a31. In building new houses air inlets extending 
along cornices or behind picture rails are desirable. Where 
there is much window space, and two doors perhaps with not 
a little air finding its way through the skirting and between 
boards from underneath, no further air provision may be 
required, but the chimney-breast outJet should not he over- 
looked if this is the case- 

The drawing-room should be similarly treated, unless the 
flue is in the outer wall and cold, when it may be as well to 
dispense with the chimney-breast ventilator unless a suitable 
grate is fixed for working it. If a window is so situated that 
it can be opened an inch at the top, all the inlet air necessary 
can be provided, In many houses a small third sitting-room 
is found. This is used as library and smoking-room or as 
morning-room. The size is generally under 13 feet square, and 
draughts from doors and windows are most pronoimced in cold 
weather. If the chimney " draws " well the value oi a chimney- 
breast ventilator cannot be overrated, but the grate should he 
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capable of reguUlicig the acnount of air which ascends Che 
chimney ao as to make the suction power of the flue remove 
much of the air from the lop of the room. By this means the 
velocity of the air moving from the door and windows to ihe 
fire is 90 greatly reduced that there is no draught expenencerl — 
in fact, the velocity is reduced lou low for a draught, and an 
otherwise moat uncomfortal>!c room ta rendered habitable and 
pleasant. 

Where there is a billiard-room on the ground floor, and it 
is built out so there is no room above, it is usually 50 cold that 
one fire i« not enough in winter. If only a fire 19 uaed for 
heating, any i^ide lights or glass ventilators at the lop require to 
be made very perfect, and to this end felt may be used to malte 
the spaces around an air-tight as possible. If there is a top 
light, the heat of the sun in summer necessitatiia that there 
shal] be ventilators above, 30 that a current of air shall circulate 
from the windows in the aide. Owing to the cooUnj^ cflTccta of 
a glass uirrct or roof^ and the great difficully of stopping down- 
draughts when the fire is burning strongly, the cold currents 
falling upon the table in severe weather make one regret that 
top lights are fixed and that good, large, high side windows 
were not used instead. If there are high windows and these 
open at the top, ample ventilation can be obtained. Where 
hot-water heating is employed, top lights and ventilators can 
be used, and arc certainly most desirable when the heating 
power is ample. Where a billiard-room ig heated by coal, two 
fires stioi]ld always be proviided, and the necessary Inlet air 
introduced. 

Ascending to the iirst floor, it will be concluded that the 
rootns here are bed and dressing-rooms only. Very rarely one 
sees a chimney-breast ventilator in a bedroom, but it is of more 
value there than anywhere else perhapii, and every bedroom 
should have one. This ventilator should consist of a frame 
with a nicely fitting door which can be opened or shut by a 
chain coming to the mantel. There is neither mica nor any 
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v^lve in this arrangementj Fig. 3, and when the ventilator is 
ap^n there is a clear way Into Lhe chimney-flue. This door or 
valve should be partly open whenever there is no fire burning, 
and it is far better to close the register and open this door wide 
than to have the register full open and no chimney ventilator. 
The vitiated air rises and is carded away from the top of the 
room, and for those who da not keep their bedroom windows 
much if at all open, the ventilator into the chimney near the 
ceiling maintains the air in the bedroom in a much better con- 
dition than if the foul air had to pass up the ordinary opening 
of the grate. These outlet ventilators must not have mica or 
any other valves, as there is not enough pressure on the out- 
going air to work them. If a fire is lit, then partly close, or 

close them altogether if the draught 
is weak. If the house is heated by 
hot water throughout, all the grates 
should have closely fitting registers, 
and these should be always dosed 
and the spent air carried otT 
through one of these openings into 
the chimney — 10 x 7 inches over 
ail for a small room, and 13J x 7 inches for a large one. The 
door of the ventilator can be fully open when the temperature 
of the air outside is 45" or more, but had better be half closed 
at 35°, and generally closed altogether at anything below freezing 
point — the leakage through windows being so large in volume 
as well as through crevices in the register and around the door 
of the ventilator in the chimney-breast The leakage through 
what appears to be a trifling crevice when air is below freezing 
point outside, and perhaps 55" or more inside, would make any 
one marvel who has had no previous experietice in estimating it. 
If a bedroom is heated by an electric radiator, Fig- 25 or z6, 
pp. 159, i6a, at present a costly luxury, the air so heated should 
not be wasted. It is in such a case as this that the chimney- 
breast ventilator is of exceptional value, and the register of the 
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grate should be rendered air-tight by placing a piece of thick 
felt or other woollen material between it and the grate. As 
before, the chimney- breast ventilator must not have any valves. 

If the windows are situated so as not to send a current of 
air upon the faces of the sleepers, they may be opened a little 
or much as required at the top, and no other inlet ventilator is 
necessary, If the fire-place is in the outer wall and a window 
is placed on either side of the jamb^ the window farthest away 
from the head of the bed can be opened. If the bed must be 
placed near th.e window, then a Sheringham or other ventilator 
ought to be fixed in the outer wall farthest away from the bed, 
and this should be kept open when required instead of the 
window. For summer ventilation the windows are available, 
and where the electric light is installed, smail fans create an 
agreeable movement of aii which can be directed away from 
the sleepers, or the fan can be fixed against the chimney- breast 
opening so as to drive the air into the flue. 

The ventilators of bedrooms on the second and third floors 
should be much on the same principle as those on the first 
floor. Chimney-breast ventilators should be fixed in every 
case, and there must be no valve, only a door which will close 
practically air-tight if required. The upper rooms of a house 
have shorter chimneys than the lower ones, and as the ventilat- 
iag power is generally proportional to the height, the draught is 
not sufficient to work a chimney-breast ventilator when a fire is 
lit, even if there is a free way into the flue, hence the door of 
the ventilator had better be closed when a fire is used. If, 
however, the grate is designed to work such a valvej it will be 
found that the vetitilatot can be partly open, except perhaps on 
very windy days. In a nursery, for instance, where there are 
a number of children, tt is very advisable to work a chimney- 
breast ventilator in order to take off the vitiated air from the 
top of the room. Experience will soon teach the nurse whether 
the ventilator can be kept open or not, and it should be usually 
closed when much fresh coal is placed on the fire. Windows 
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kept partly open, and such-like admissions of fresh air, are not 
efficient substitutes for a chimney-hreast ventilator, because with 
the latter the impure air is continually passing off from the top 
of the room. For inlet ventilation the windows are usually suffi- 
cient if opened one inch at the top, but where these are not 
available a separate ventilator in the outer wall should always 
be provided. 

In the case of a nursery in a hoase about to be built the 
ventilation should be very carefully planned, and arrangement 
can be made at little cost for admittmg fresh air which can only 
be done with much difficulty and expense in a room already 
constmctedn Whilst the window or windows of a bedroom can 
generally form efficient air inlets if they are opened somewhat, 
it is a dangerous practice to rely upon them in a nursery. It is 
hardly necessary to point out how advisable it is to have a 
sunny aspect for the nurseiy, and, if possible, select a room with 
a good outlook, so that the children can be amused on wet days 
by looking through the window and their eyesight practised in 
hng dUtame vision. The windows ought to be adapted for the 
children to look through without fear of colds or injury to the 
eyes from draughts. It is in winter such difficulties are en- 
countered the moment the windows are opened, and provision 
should be made that the inlet air in winter is not dependent upon 
iht windows. Indeed there should be such at5 abundant pro- 
vision for fresh air apart from the windows that the children 
can stand close to them in winter without feeling draughts from 
air coming into the room around the sashes. To effect this 
most desirable end, air should be admitted through the cornice 
close to the ceiling and for a length of lo ot 15 feet or by some 
shelf arrangement such as that mentioned on page 6S, Inlet 
air should come in freely, but it should be largely subdivided so 
that no draught is experienced in any part of the room. 

The ventilation of attics and rooms under the roof is not an 
easy matter. In surnmer^ where the electric light is used and 
the bedrooms are very hot at night, a small fan driving a 
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orrent of air from the foot of the bed towards the window will 
be found verj' agreeable. In the winter these rooms are usually 
cold, and there is generally not much need for inlet ventilators. 
It is almost impassible to prevent the heat of the sun causing 
the paper or plaster to crack, and let in air this way, whilst the 
windows can also be used as inlets. A chimney-breast ven- 
tilatoT fixed near the ceiling is again the best outlet possible for 
vitiated air. 

The ventilation of w.c'^s requires some consideration. The 
old-fashioned design of making the w.c. as smalt as it was 
possible to construct it has not yet been duly remedied, and it 
seems by general consent aiQOtig architects that the smallest 
possible space shall be devoted lo this object. There never 
could be a greater mistake made. A person sufifering from 
constipation gives rise to highly smelling products which have a 
peculiar property of sticking to and hanging upon apparel of all 
kinds. Such persons caged in a small box have their clothing 
saturated with germs and offensive odours, and the smaller the 
w.c the more concentrated the effluvia. The w.c- need not 
be unduly large, but 6x8 feet is not unreasonable^ although 
5x7 feel would be a vast improvement on what is usually 
allowed. A long, narrow window (3 feet high at least) which 
opens outwards, just above the head of the person seated, 
answers best, and with this open, the foul atmosphere will be 
soon driven out. Where electricity is at command a small 
fan, Figf 23, p. 155, fixed about 7 feet from the Eloar against 

Ian opening through the outer wall, which can be nicely closed 
up by a lever, is an excellent arrangement. On the right hand 
of the occupant a small handle is fixed against the wall. This 
handle opens the way through the wall and at the same time, 
if preferred, switches on the fan. The fan will soon aspirate 
air around the door (and window), and so prevent the impure 
atmosphere in the w.c. from getting back into the house. To 
make doubly sure that enough air gets in to feed the fan a ven- 
tilator should be fixed in the bottom frame of the door provided 
- i 
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with mica flaps which will not permit any air to pass from the 
w.c. to the living-rooms, but allow air from the house to get 
through to supply Che fan. The fan arrangement can be oper- 
ated by the seat of the w.c. in the same manner as the water 
supply is sometimes done, and this system certainly has the 
advantage that the ventilation is not dependent on the memory 
of the person Using the w.c. 

The ventilation of soil pipes and house drains requires most 
careful attention. It has been wisely decided that all drains 
conveying sewage matter should be laid in the open and not 
under a house if it can be possibly avoided. The joints of 
drain pipes can be cemented, but it is almost impossible to 
keep them air-tight, even if this is done carefully. Long iron 
pipes are best where the drains, musi go under a house, and then 
by preference under the hall or passage. The w.c'a should 
have no wood casing, but he of pedestal form, and the pipe 
underneath should not pass through the floor, but at once lead 
through the outer wall into the down pipe. The down pipes 
laid on the old principle usually descend inside the house to 
the servants' w.c. in the basement and then into the drain. 
It is an extremely rare thing to find the joint between such a 
lead down pipe and the glazed pipes air-tight, and, partly on 
account of the dry character of the soil at that poiat, sewer gas 
percolates freely under the seat of the boxed up w.c. and thence 
into the house. By using only pedestal w,c.'s and carrying 
the outlet pipes immediately through the outer wall the chief 
danger is obviated, unless the drains pass under the floors of 
the house. 

The ventilation of the soil pipes outside requires due pre- 
caution. The soil pipe should be continued to the top of the 
house, if possible, because it is not improbable that the gases 
from the drains will find an outlet thereby if the stipulations 
laid down by some Urban and other Authorities forbidding the 
use of a bend, trap or syphon between the w.c.'s and the main 
sewer are in force. If a house is so situated that the front is 
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upon a hillside, and the soil pipe ventilating shaft is carried up 
at the back of the house, it is not unlikely that the sewer gases 
wfll be drawn into the house and give rise to serious results. In 
many cases where the doctor cannot trace the cause of zymotic 
disease, sewer gas evolved from the ventilating pipe of drains is 

nhe consequence, and those who have noticed the peculiar and 
insidious movements of the gases and odours from a fire burn- 
ing vegetable refuse in a neighbour's garden 30 feet above, 
will understand how sewet gas may be drawn by the suction 
of colder currents, and descend into the interior of houses 
which are themselves the objects of suction on the opposite 
side. As this is a serious subject it is advisable to give it some 
consideration. A high ventilating pipe can carry off much gas, 
and the mischief arising frotu the latter being drawn into a 
house in which fkere is always a partial vacuum if a kitchen firt 
is burning, cannot be too strongly pointed out. AU those who 
have given attention to the subject regret the necessity that a 
bead Or trap should be inserted immediately at the lower end 
of the soil pipe from the w.c.'s, but sueh a bind or trap should 
m&st certainly Is piaitd in order to prevent sewer gas getting 
back into the soil pipe and up the ventilating pipe above. The 
ventilating pipe should be fixed only for the purpose of supply- 
ing readily the air aspirated by the water falling down the soil 
pipe and thus preventing any gases from the soil pipe finding 
their way into the pan of the w.c. 

\ At the Public Health Congress held in London last July, 
Dr. Weaver, Medical Officer of Health for Southport, stated 
'* that the question of sewer ventilation had been satisfactorily 
dealt with in Southport by using Webb's patent gas lamps 
which consumed only the sewet attnosphefe for combustion. 
Since the adoption of these lamps the high temperature to 
which the air from the sewers is exposed has led to a very 
appreciable decrease in the number of typhoid cases." The 
sewer gasra would be more effectively removed by the lamps 
in those cases where there were traps between the soil pipes 
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and the sewers, and the danger mentioned above would be 
overcome. If the posts carrying the lamps for street lighting 
are used simply as ventilating shafts they are unreliable, as 
when cold cunents fall from the upper air the sewer gases are 
drawn into the flow which sweeps along near the surface of 
the road. When the road is situated in a hilly district, the 
sewer gases are drawn down more readily, and it is in such 
situations that good ventilating appliances are most required. 
If the ventilating pipe communicates directly with the sewer, 
and if the stupid laws of the district will not allow interference 
with so dangerous a regulation, see that the end of the venti- 
lating pipe is not fixed In such a situation, under the roof or 
otherwise, that the wind can exercise much pressure upon it, else 
it will not unfrequently happen during 

EH such winds that gulps of sewer gas will 
m . 1 . — T-f L he forced back when emptying the pan 
^ — I-" of the w.c. This is a real danger, and 

one which tke author has pracHcaUy 
demsnsirated on several occasions. En 
like manner if there is a trap below and 
the end of the pipe is carried right 
above the roof in a position where the upward suction of the 
flowing wind can exercise the greatest power, it not unfrequently 
happens that the air being drawn through the outlet causes the 
water in the pan forming the seal to be drawn forward in the 
syphon, and gradually pass over into the soil pipe until no 
water seal is left, so that the way from the pan of the w.c. to 
the soil pipe is open- This is also a most serious peril. When 
the ventilating pipe ends, therefore, well above the roof, either 
cover it wtth one of the pneumatic extractors on the market, if 
you want to throw money away^ or else use a simple double 
bend like Fig. 4, because either will tend Eo prevent the wind 
extracting much from the end of the tube. But the tube must 
not be left unprotected with its mouth upwards, because the 
wind blowing over it gives rise to much suction — suction so 
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powerful that a sudden gust will depress the water by oscillation 
in the pan of a w.c. as much as two inches if the way to the 
sewer is blocked at any point. Those who use ihe w.c.'s in 
the' house and notice that the water in the pan is moving back- 
wards and forwards when all should be steady and at rest, may 
be sure this suction is due to one or two causes — either the 
wind blowing down the mouth of the ventilating pipe of the 
soil pipe causes increased pressure, because the former is under 
the roof, or else there is too much suction caused by the aspir- 
ation of the wind blowing across the open end of the tube. It 
is possible in some rare instances where the ventilating tube 
has been choked by a bird's nest that the wind pressure in the 
main drams may give rise to this movement of the water form- 
ing the seal, but whatever the cause, if the occupier cannot 
trace it, let him at once see that the matter is attended to and 
set right, because most serious evils may result from neglecting 
these ominous indications that something is wrong. 



CHAPTER III. 



INFLUENCE OF WINDS UPON DWELLING-HOUSES. 



The benefit due to the moving of currents of air or of winds in 
towns cannot be overestimated, and it is not easy to picture 
the conditions which would prevail in a large town built upon 
level ground if there were no winds or air currents travelling 
over it. The velocity of the air currents increases greatly at an 
altitude above the housetops and other impediments to its pro- 
gress, so that at about i,ooo feet above the surface the wind, 
which travels five miles an hour near the ground, moves at a. 
velocity of about ten miles an hour. It is this greater velocity 
of the currents m the upper air which tends so much to move 
the air in the more crowded parts of a town, and the open 
spaces which here and there dot our centres of population help 
very materially to draw the air from the more congested dis- 
tricts. Those who live in wide streets cannot fail to notice 
how the smoke from the houses is frequently drawn down per- 
haps ao feet towards the ground level, and especially is this 
the case if there is an open space of some area close by^ As 
this is a pome of mtich interest, it will be best perhaps to con- 
sider an example. Those familiar with the City and the Bank 
of England will have noticed that the Bank buildings are low, 
and much lower than those on either side. At this part, too, 
there are several roads which converge by the Mansion House 
and the Bank where the area of open and low buildings is con- 
siderable. Wheti the wind blows across this area it meets with 
far less friction than it does over Queen Victoria or Thread- 
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needle Street, the consequence being that the velocity of the 
wind is much increased as it passes over the Bank Buildings, 
etc., and the increased suction which resuhs has to be salis6ed 
by air drawn from some of the streets near, so that if the wind 
blows from the south or south-west Queen Victoria Street at 
the Mansion House end suppHes a very large volume, as do 
Threadneedle and Lombard Streets also. Under these cir- 
cumstances the courts and alleys where they exist in the im- 
mediate neighbourhood of an open space or four cross-roads 
are likewise drawn upon, and this action of the winds upon 
open spaces Is an infinite benefit to ventilation. The friction 
resulting from wind blowing over housetops, etc., is very great. 
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Fig. 5.— Upward Movement of Air from an Open Space. 

SO that the moment the air moves over a square, a park, cross- 
roads or any open space, the velocity increases at a bound, 
whilst an upward twisL like that shown in Fig. 5 is given to the 
air in the open space. The result is that immense volumes of 
air are twisted and hfted from the open space near the ground 
into the currents moving above the housetops, and the air from 
the streets and alleys in the immediate neighbourhood flows 
into the open space to supply the place of that which has been 
aspirated and lifted above the housetops^ It is this strange 
and apparently erratic action of the wind which gives rise to so 
many smoky chimneys, and in the residential portion Qi a 
town those who have followed these remarks will have no diffi- 
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culty in seeing the effects produced if they note the strange 
forms of the chimney-pots upon the houses adjoining such 
open spaces as have been mentioned. The full benefit of the 
suction power of the wind moving above the housetops can 
scarcely be ejtplained in detail, and only the main considera- 
tions will be pointed out. Wind blowing over housetops and 
at right angles to the streets exercises suction as it travels over 
them, and when it leaves the highest point of a house and 
Crosses a street, the velocity at once increases, with the result 
that air is aspirated frorn the street, from the garden, if there is 
one, and from all open spaces, and even the air in the houses 
is more or leas influenced by the flowing winds. If the angle 
the street presents to the wind is greater or less than a right 
angle, the wind will aspirate in proportion to the size of the 
open spaces over which it travels. When the wind passes over 
the tops of buildings, some of which are very high and others 
differing considerably in height, the suction or aspiration is 
much more effective than if it passed over buildings of the 
same height, but it must be admitted that the action of the 
wind upon the chimney-tops not unfrequently nullifies the 
benefit of greater movement in the air. Those who travel 
upon high-level railways in London and elsewhere will notice 
that the cowls and metal tubes so numerous in the City are 
rarely to be seen upon houses which have their roofs on or 
about the same level, and where a large district of this kind 
occurs, the wind effects are not turbulent except upon cross- 
roads and open spaces. If a house is situated upon the end 
of the ground at A, Fig. 6, where one street branches oiT into 
two, and the prevailing wind blows in the direction of the 
arrows, the aspiration of the wind upon A will be immense. 
The suction upon the windows and upon the tops of the chim- 
neys will be great and erratic, so thai the ventilation of the rooms 
will be dillQculL Furthermore, the dust driven and sucked for- 
ward by the wind will be very trying. These points are worth 
considering by any would-be tenant of a house so situated. 
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When (he wind blows over houses which lie upon the side 
of a bill, and at right angles lo the roadways, the effects are 
Dot very marked, except upon the chimneys of the upper Hoors 
which may give trouble by smoking. Houses situated on the 
crest of a hill are subject to the action of most winds, and if 
the prevailing winds blow at right angles to the longitudinal 
crest of the hill the aspirating effects are often violent, and it 
is always best in building houses so situated to provide for this 
difficulty by (ixjng grates which can be made to send hot smoke 
up the chimney and produce strong ventiialing power. Winds 
blowing over such a htll-top exercise much suction upon the 
back premises of houses, and chimney-pots which neutralise 
wind suction and good grates should be used. If the chim- 





Fig. 6.— V Branch Roads. 

neys are in the outer wall all the more reason exists why the 
grates and chitnney-tops mentioned should be fixed. 

If the wind blows over ground gently slanting in the same 
direction the effects are not violent nor upsetting to ventilation. 
The popular idea is, however, the opposite to this, t'h,, that 
the wind blows down depressed areas, down chimneys, down 
ventilators, etc. The first action of a wind travelling over a 
house situated in a small basin or depression is one of appre- 
ciable suction, both at the ground leveli and at the top of the 
house. Not much air gets into the rooms through the doors 
and windows, and extra smoke and air are sucked out of the 
chimney-tops. The air in the rooms having fires is so much 
raxeiied by thi& process that the inslatit there is a lull in the 
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blowing of the wind the expanded air snaps back and down the 
chimney to supply the place of the air previously sucked out by 
the flowing wind. It will be noted that a square> a street or & 
garden walled in by houses is but a chimney of larger area, and 
the effects are not dissimilarj only there is this difference, the 
streets and courts which lead to the square or open place are 
not so confined as a room in a house and supply all the air the 
square requires without much friction resulting, so that when a 
gust of wind supervenes, the air in the open space does not snap 
back, but only waits for another blow of the wind to soar up- 
wards as before. This upward suction and reduction in pressure 
is the general action of the wind as it travels over allopm spaces, 
but the results differ somewhat, according to whether the wind 
is leaving the tops of houses or whether it is encountering them 
after moving over open ground. The effects in the former case 
have been sufficiently explained already. In the latter, if the air 
has moved for some distance over the ground levelj it will strike 
a house in front with much force. The author has been eon- 
suited with regard to houses in most difficult situations, and one 
in particular was so powerfully influenced by the wixjd that the 
smoke and sparks from a fire were actually forced across a room 
and some distance in the direction of the staircase. No one ac- 
quainted with such situations would believe it possible that the 
wind could so upset the chimneys of a house and destroy the 
ventilating power. The first effect of the wind striking an ex- 
posed bouse front is to form a vertical layer of air from one to six 
feet in thickness, according to the velocity of the wind.^ This 
layer of air acts like a cushion or buffer which expands or con- 
tracts according to the varying pressure of the wind, and its 
action is not unhke that ofa jet of water made to impinge at right 
angles against a flat and vertical surface. The water not only 
flattens out and forms a cushion, but the ring increases in width 

^ The author carried out a series of eKpetiments ag;airk!jt a diff at 
Broddstairs, the eesults of which were briefly communicated to the meet- 
ing; of the Bcittsh Association at Bradford in 1900. 
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according to the pressure of the water. Wind blowing igaiiiat 
a vertical surface not only forms a cushion or bufler, but flom 
upirard over the upper edge of ifee cliff or the vertical wall of a 
houses The consequence is that the air of the upper currents 
flawing above the cUfT or housetop bein^ one continuous elastic 
sabstance and mass with the air fiattened out against the front 
of the house draws it upv^rd quickly at its outer edge, and tt 
was found that this upward moTemenl was so potent that one 
could bold a silk thread 2 feet above the top of the clifl' and 
near its outer edge when a moderate wind wa* blowing without 
any movement of the silk thread resulting. This protected 
area, brought about by the upward twist of the air currents 
upon the air in the depressiou beneath the front of the cliff, ex- 
tended for 10 or 20 feet at certain heights above the top of the 
cliff from the edge upwards. The upward suction at these 
points was considerable, giving rise to small whirlwinds caused 
by the air from the land flowing forward to feed the upward 
suction caused by the upper ^currents. The results of these 
experiments showed that the chimney-tops upon houses in a 
square upon which the wind impinged would be protected 
greatly by the air sucked upward as i[ struck the house fronts, 
and, instead of the wind as usual Qowing over the chimney-top 
and encountering much friction, the ascending air twisted up 
would aspirate powerfully without friction, hence much air and 
smoke would be drawn out of every chimney so situated. This 
accountB for the great difficulty there is in keeping fires from 
smoking in rooms upon upper floors, especially in houses so 
situated. 

The cushion or buffer formed by wind blowing against a 
vertical surface explains the action of the wind upon chimneys 
close to and under the tops of walla against which the winds 
blow. A house may be situated in a street and the owner 
rebuild it, raising the walls 10 feet or more above those of 
the houses on eithiir side. The chimneys of one or both of the 
lower houses may rest against the pine ends of the new structure, 
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and lo feet of perpendicular wall exist between the tops of the 
fiues and the atmosphere above. When the wind blows at right 
angles to either pine end, a thick cushion is formed, and the 
pressure upon the air forming this cushion or buffer may be 
much greater than that upon the smoke in the flue or upon the 
air in the rooms at the street level. If this extra pressute at 
the mouth of the chimney is as great as or greater than the 
ventilating power of the chimney, the air will be forced down- 
wards and the chimney will smoke. This occui^s often in such 
situations. A flue drawing well emits a current of smoke trav- 
elling 6 feet per second. This velocity is only a trifle more 
than four miles per hour, so that a wind moving at eight or 
ten miles per hour, which is only a strong breeze, blowing dead 
on the face of the wall will easily prevent the smoke from issu- 
ing. If a high velocity pot will not stop the down-blow the 
flue must be carried up level with the top of the wall, or the 
other pots* as nothing else will be satisfactory. 

Those who act wisely in the selection of a town house will 
give some thought to the probable action of the wind upon it. 
No greater misfortune can happen to the tenant than to find 
after he has nicely decorated and furnished his house the posi- 
tion thereof is such that every movement of air brings a swirl 
of dust which circulates in the form of a small whirlpool against 
the front door, and sends a shower into the front room if the 
windows are open. If the wind blows over a crescent it sucks 
air out of the more open part and from any street or passage 
leading into it as from C, Fig. 7, and during every lull the air 
coming from C to supply the place of that moved upward has 
a merry waltz at B, forming a miniature whirlwindj swirling and 
gamboling repeatedly. Wherever the wind causes air to move 
in a circular direction^ as at street comers and other positions, 
swirls of dust will be the result, to which may be added suction 
of the wind upon the doors and windows near the ground level, 
preventing sufficient air from entering to properly supply the 
fires, which smoke accordingly, 
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This wind suction Is one of the most troublesome things to 
overcome. On one occasion a number of offices were inspected 
which usually were free from smoke trouble, but when the wind 
btew in a certain direction the nuisance always occurred. The 
wind on these occasions blew down the street upon which the 
windows of these offices looked. The windows were Jarge, 
and the wind suction upon them was such that the air which 
usually got in to feed the chimneys was greatly reduced in 
amount, and as there were two or three fires in rooms associated 
and open to each other, the weakes.t chimney smoked. This 
state of things was remedied by introducing air from the other 
side> but such a cure is not often possible, and when this wind 
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Fig. 7. — Air Movements m a Crescebi. 

suction near the floor level occurs upon a house on the top of 
a hill or in a very exposed situation it gives rise to much 
trouble, especially where there are chimneys in outside walls. 
Wind suction either at a high or at a low level in streets has 
never received the attention it deserves, and it is probable there 
are few who realise what it means. 

When the wind blows over a chimney-pot the smoke is 
drawn out at a quicker rate. This is due to the elasticity of 
the air and its being an clastic solid. The wind must travel at 
a greater rate than the smoke issues naturally from the flue 
before it aspirates at the top of the chimney, but as an ordinary 
breexe will accomplish this, winds exercise much suction or 
aspirate considerably from chimney-pots. If the opening was 
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not at the top of the chimney but on one side of the pot as in 
Fig. 8j would the wind aspirate from that orifice ? Certainly, 
when it blew in the direction of either arrow. The crevices 
around the windows of a room through which the fire gets its 
largest supply of air are subject to just the same suction as the 
end of the fiue in Fig. S. When the wind blows in & line 
parallel to the front of the house, the air outside the windows 
in that front will be strongly aspirated, and much less will get 
in to feed the fires. This trouble ts encountered chiefly with 
houses situated upon cross-roads, and detached villas and 
houses upon hilly situations, A good grate and inlet air supply 
from another quarter, if possible, are the best remedies. Where 
the wind suction is frequent and considerable by 
reason of the windows being in a line with the 
prevailing winds, a Httle window or ventilator which 
can be opened outwards so that the winds blow 
mtd it will neutralise the suction. Wind suction 
upon openings into houses near the ground level 
and wind aspiration outside windows generally 
Fic 8 —Side occur when the weather is tempetate, so that a 
Opening in ventilator may be opened without much discomfort. 
The suction exerted by the upward twtst already 
mentioned as occurring when the wind impinges against the 
face of a cliff or of houses on the farthest side of a square or 
open area is not confined to the chimney-tops or ventilators 
on the roofs of bouses or public boildings. The writer prefers 
seaside resorts which have bold natural beauties, and so usually 
visits those places situated on high cliffs. From a careful study 
of the wind's action upon the front of the cliff or terrace and 
the subsequent effects upon the chimneys of the houses, the 
reason of one of the unpleasant experietices often observed 
when the wind blew stiffly became evident. It was found that 
the houses on the front facing the sea were generally con- 
nected to the main drain which ran along the promenade and 
eventually joined the outfall sewer which was led some distance 
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into the sea. No matter what the state of the tide, the smell from 
the drains could be observed when the mnd blew towards, or at 
rigbt angles Co^ the high sea iiont, and in many towns severat of 
the manholes and air-shafts had to be closed carefully as the 
smell was so intolerable. This emis^on of gas ftxim the drains 
was attributed to the wind pressing against the mouth of the 
outfall sewer and the gases betng forced inland in consequence. 
The writer was never satisfied with the explanation because the 
outfalt sewer is rarely exp*Ked at any seaside rsort even at 
ordinary low tide. After noting the upward twist and suction 
caused by the wind impinging against the froDt of a cliff the 
reason for the offensive exhalations from the drains was ex- 
plained — the gasfs were sitcicd mi oj the drains imtead <^ ^titg 
forced out ^ th< wind. 

The sanitary authonttes at seaside towns situated as de- 
scribed do not fully realise the grave dangers which may result 
in consequence of this suction of gases from sewer ventilators 
and the swirl which results frotn the wind's action neat the 
ground ievel. For instance, let us suppose a gust of wind is 
blowing against the cliff, the suction upon the drains along the 
front or for loo yards inland perhaps is considerable. The 
next moment the gust ceases, and as there is a partial vacuum 
formed over the area mentioned, the air is instantly drawn 
back — the consequence being that the gases from the drains 
which had been drawn upward descend and flow along the road 
and into the houses. Not long since the author experienced the 
offensive exhalations mentioned in a very pronounced fashion at 
a promising seaside town^ Unfortunately many of the lodging- 
houses are old, so that the soil pipes are fixed inside and the 
danger of the suction effects is increased, tt is a pity visitors 
to the seaside do not rehise to take apartments where modern 
sanitary appliances have not beet^ adopied- In these old houses 
when there is reduced pressure caused by the upward twist of 
the wind, the air in the space above where the soil pipe joins 
the house drains and between each w.c. is sucked out, the 
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result being that where the joints leak, and they frequently do 
leak, there is an emission of soil and sewer gas and the smell gets 
all over the house. Where there is a gas cooker this sraell is at- 
tributed to the "gas,"but in very many instances it isdue to J^w^r 
gas. If visitors to the seaside would not take apartments in such 
houses matters would soon be altered, but they find so much 
difficQlty in obtaining accommodation at all in August that they 
have to put up oftentimes with what they can get. The sanitary 
authorities, therefore, of every health resort should be em- 
powered to compel those who let apartments and keep lodging- 
houses to fix the soil pipes outside, and adopt pedestal w.c.'s 
of approved construction. If this precaution is neglected the 
public will flock to newly built towns and the older places with 
much more natural beauties will be neglected. The writer has 
wondered frequently how so much benefit is obtained under 
the circumstances from a visit to the seaside, but it is generally 
agreed that that benefit is proportional to the number of hours 
the visitors spend out of doors. 

Sewers in streets immediately below the crests of hills over 
which the wind is blowing are likewise exposed to the suction 
mentioned. The action of winds upon undulating and hilly 
districts is a subject which ought to receive immediate study by 
the sanitary authorities of every town inland as well as at the 
seaside now that the suction power of the wind has been eluci- 
dated and shown to be as potent as the better known effects of 
increased pressure. 
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IHE author does not aim to make this chapter a complete ex- 
position of the physical composition of the atmosphere, nor a 
scientific guide to the estimation and determination of the pro- 
portion of the various constituents present. Such information 
can be obtained in any treatise on physics or chemico- physics, 
with which, it is needless to say, the student of ventilation 
should make himself familiar if he wants to master the subject. 
Nor will much space be devoted to the discussion of theoretical 
and impossible volumes of air which may be necessary to keep 
down the proportion of carbonic acid or anhydride within 
given limits. The practical common-sense view of doing the 
best with the homes we live in will be adopted. 

The air makes its way into our houses as nearly as possible 
in the conditioo which nature affords it, only more or less con- 
taminated in towns by the processes of manufacture, by dust, 
by unsanitary drains, etc., and in the country by decomposing 
manure and vegetation, filthy yards and outbuildings. This 
contamination, as a rule, is not very serious. Four parts of 
carbonic acid in 10,000 of air with traces of other gases, some 
particles of soot and dust, organic matters and organisms, and 
the sum of the impurities is nearJly complete. The aqueous 
vapour in the atmosphere is often included with the impurities, 
but this is wrong, and its presence is salutary as well as neces- 
sary. The quantity of aqueous vapour present depends upon 
the temperature of the air, the state of the vegetation, and 
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whether there is little or much water in the immediate neigh- 
bourhood. About one per cent., pterhaps, is the average present 
in the air of this country, but it varies from traces after some 
days of severe frost with easterly winds to saturation during 
continued misty weather with gradually lowering temperature ; 
although this latter condition is very rarely attained. The 
presence of a small or large proportion of aqueous vapour in 
the atmosphere outside our dwelling-houses does not much 
infiuence those who live within, especially if the rooms are 
heated by fires, whilst the author's experience of air warmed by 
radiators at 150° F. without fires points to the same conclusion. 
There is no reason why the tenant of a house heated by hot 
water and without fires in the living-rooms should not make hia 
radiators evaporate water and increase the humidity of the 
warmed air, but this is not necessary unless he is suffering 
from a nervous ailment which causes him to fancy the air is too 
dry, or from a chest affection which requires that the air shall 
be moist. It may be concluded that as the burning of gas for 
illuminating purposes gives rise to much moisture, the air in 
rooms heated by hot water or even by fires will be uncomfort- 
ably dry should the electric light be substituted for gas, but 
such is not the case, and the presence and breath of two or 
more persons in a room soon augments the proportion of 
aqueous vapour, In very dry and cold weather, however, the 
tobacco smoke in rooms which are so greatly benefited by the 
drier air when the atmosphere outside is mild and damp^ is 
somewhat acrid, like the air in the "Twopenny Tube " after it 
has been much heated ; but if many persons are present in the 
room the breath neutralises this acridity. It not unfrequently 
happens m the low lands, and often upon the mountain side 
also, that the atmosphere is full of mist or damp fog;, and in 
the act of walking, even under an umbrella, the clothes become 
covered with dew. This deposit of moisture is not the result 
of supersaturation of the atr with aqueous vapour, and to a 
subsequent condensation in consequence of a lowering tem- 
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perature, but is due to the moisture condensing from above in 
very fine mist, instead of the minute particles of water being 
aggregated in the form of raindrops. 

It will not be of much benefit to inquire whether this is the 
result of electrical action or not, but when such fine mist is pre- 
sent in air, it renders it sluggish in movement and nearly stag'^ 
nates natural ventilation of all kinds. This misty condition of 
the atmosphere is found in cities and towns chiefly, but not 
always, during mild weather, and when it prevails the tenant of 
a house will be wise if he opens a window of the living-room 
a little at the top so as to allow more air to come in, otherwise 
the room will become unbearably dose and burdensome. If 
this is not donet the air in the room gets greatly and quickly 
heated, the temperature rising rapidly to 70'' or even So" F., 
because moist air is a good conductor, with the result that the 
germs present from the breath and in the floating dust thrive 
and tnultiply with incredible rapidity. Frotii observation and 
experiment, the author concludes that not more than one-half 
of the usual volume of the air laden with mist gets into a room 
through the chinks between the window sashes and their frames 
or those around doors, whilst if this state of things continues 
for a timcj the dew or moisture becomes condensed into a liquid 
which not unfrequently so fills up some of the chinks as to pre- 
vent any ait passing through. The tenant will do well if he 
realises fully how inimical to good ventilation the presence of 
mist in air is, and that when the atmosphere is in this con- 
dition it is very necessary that a ventilator or window should 
be opened. When only one or two persons are present in a 
large room, it may be wise to exclude the damp air, but if there 
are several people in a small room, the condition of the atmo- 
sphere will soon be one of saturation and dangerous to health, 
because toxtc compounds may be formed under such circum- 
stances. 

It has been stated that the air gains access into our homes, 
and especially into our living-rooms, much in the condition in 
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which it is afforded naturally, and, excepting such weather as 
just described, the soot and dust particles find their way in 
somewhat rapidl}'. If the air is admitted through a ventilator 
covered with perforated zinc, very little air will get in unless the 
holes are large enough to let the smuts pass. If it is desired, to 
intercept the smuts, the open canvas called scrim used by paper- 
hangers will be found useful for the purpose. A strip of this 
material can be fixed to the frame above the window sash and 
also to the sash itself, so as to allow the latter to be lowered an 
inch or two, whilst a little of the same material can be used to 
cover the open space between the two sashes. The author is 
of opinion that for an ordinary living-room it is not wise to do 
more than stop the large smuts, if these occur in great numbers 
as is the case in Hampstead, and other side-laud and hiUy 
districts, which receive soot wafted by the prevailing winds 
and breezes from miles of low-lying houses. These sooty par- 
ticles are highly antiseptic and contain, besides tarry matters, 
ammonia and ammoniaca! compounds, and it is extremely pro- 
bable that their presence has not a little to do with the satis- 
factory condition of the health of London. Air finds its way 
into houses generally through the crevices around the sashes of 
the windows and through the chinks around the doors, and a 
system of washing and filtering the air before it gets in is very 
rarely attempted. The author is confident that the presence of 
more moisture due to washing, Ibe removal or alteration of 
electrostatic conditions (see Appendix, No, i), the presence of 
the germs and deleterious gas and matter not removed in the 
process, whilst the antiseptic soot has been separated, render 
the air enervating, and those who inhale it become limp, so that 
the washing and filtering do more harm than good. Where 
large volumes are moved and required as in the House of 
Commons, the adoption of a scrim screen is useful and neces- 
sary to prevent the aggregation of much soot and dust. 

With r^ard to the quantity of air which one person present 
in a living-room requires per hour, the question resolves itself 
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into this — how much can he get ? Dt. Parkes has stated that 
3,aoo cubic feet are required per head per hour. If so, it is 
to be feared that something more than a fire is necessary to 

bring It in- It will be well to inquire into this niarter a HttJe 
more fully and in some detail, as it so closely bears upon the 
well'being of the community generally. For the purpose of 
illustration a living-room of the size used by the lower -middle 
and upper-middle classes, viz., i6 by 15 feet, will be taken, 
This room is 10 feet high^ and there are 3,400 cubic feet of 
air in it. The chimney-flue is 9 inches square and there is a 
good draught, the smoke in the chimney showing a velocity of 
6 feet per second. The air and smoke passing up the chimney 
amount to 12^150 cubic feet per hour, $0 according to Dr. 
Parkes, sufficient for four persons. During moist or mild 
weather, the velocity is reduced to 3 feet per second, and if 
the chimney has much soot in it, tlial velocity, however, falls 
under such conditions to 2 feet or less per second. When the 
velocity is 2 feet per second the air getting into the room is only 
4,050 cubic feet, or a little more than enough for one person. 
This is bad enough if there are six or more persons presentj as 
the total quantity of air getting in affords less than 700 cubic 
feet per head, but from repeated experiments the author has 
found that this volume is greatly overestimated, and that from 
150 to 300 cubic feet would be much nearer under the circum- 
stances. It has been stated by some authorities that the air in 
a room becomes quickly mixed, and that the proportion of car- 
bonic acid is much the same throughout. Others have denied 
this, showing that the proportion of moisture and of carbonic 
acid is largest near the ceiling, although admitting tliere is a 
very appreciable quantity at the level of the top of the grate. 
Now let us examine what is going on. The fire is burning 
brightly and the velocity in the chimney is 6 feet per second. 
Three gas jets are alight. A delicate anemometer placed on 
the floor within 3 feet of the bottom of the door turns rapidly, 
and if close to the door it is violently affected. If one goes to 
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the window and lowers the hand from the sash down to the 
floor^ and the air outside is cold, it is found that the air near 
the floor level is cold also. If a thermometer is placed on the 
floor between the window and the grate> the difierence in tem- 
perature is appreciable, whilst if it is placed in a. line between 
the door and the grate, the same result is founds only in a 
more pronounced fashion. What is the meaning of this? 
Simply that much the largest quantity of the air that gets into 
the room under and around the door finds its way to the fire- 
place and up the chimney without diluting and refreshing the 
air in the room, and that much of the air getting through the 
crevices around window sashes does the same thing. If it is 
stated that in many rooms three-fourths of the air supplied by 
the grate passes Up the chimney without mixing with the viti- 
ated air above, proof of this may be demanded without its being 
forthcoming, because the matter is so difficult to be determined 
with accuracy. Again, if an anemometer is held just level 
with the top of the fire-grate it may be found that there is no 
draught or movement in the direction of the chimney-flue. On 
the contrary, there is a slight movement upward unless the 
temperature outside is very low, but so slight in some instances 
that the finest shred of silk is necessary to indicate it ; and 
when the draught in the f^ue was great the author has known an 
almost quiescent condition of the air at the point in question. 
Why is this ? If air is an elastic solid the pull up the chimney 
ought to cause a downward current towards the flue from at 
least 6 inches above the top of the grate. The reason is that 
the radiant heat direct from the fire, and the radiaut and con- 
vective heat afforded to the air passing over the fender, irons, 
etc., causes much of the air near the floor to ascend, but the 
velocity of the current moving up the chimney almost entirely 
neutralises this upward movement, with the result that the 
greater part of the air so warmed passes up the chimney. This 
action of the air as it sweeps into the flue is very much against 
the beat ventilation of the room. If the velocity of the air going 




AIR, AIR INLETS AND OUTLETS, 



55 



into the chimney througli the grate was only 3 feet per second 
a large proportion of what came into the room would be 
warmed by the radiant heat and the hot fender, irons, etc, and 
rise towards the ceiling, displacing by downward pressure equal 
volumes of vitiated air, so that only one-fourth of the air getting 
into the room passed away without diluting the vitiated atmo- 
sphere. It may be argued, however, that only one-half of the 
air got into the room when the velocity was 3 feet instead of 
6 feet per second. This is perfectly true, but it may not be out 
of place, however, to note here how the foregoing conclusions 
explain why it is that a small fire in the autumn or m the late 
spring heats a room so greatly^ and that tt is due to the air 
warmed by the radiant and convective heat from the lire, 
fender, irons, etc., passing up into the room in front of the 
mantel, instead of both air and heat escaping by the chimney. 
If the velocity of the smoke in the flue is 6 feet per second 
or more, it is no uncommon thing to find such vast volumes 
passing direct to and up the chimney in small rooms that, 
without desire to exaggerate, one must conclude that often 
three-fourths of what cemss in takes practically no part in re- 
dudng the proportion of the impurities. These figures mean 
that if the flue velocity is not tnore than 4 feet per second, only 
8,000 cubic feet per hour get into the room, whilst from 3,000 
to 4,Doo cubic feet of this volume ascend the chimney without 
scarcely, if at all, mixing with the air above. Again, when the 
velocity in the flue is 6 feet per second, 13,000 cubic feet of air 
come in altogether, and 6,000 cubic feet in large rooms and in 
very small rooms even 8,000 cubic feet or more of this quan- 
tity lake no part in reducing the pollution of the atmosphere 
above. It may be remarked that the greater the velocity of 
the smoke in the flue the larger is the volume of air furnished 
to reduce the impurities above the grate level notwithstanding. 
This is true, generally, though not always in very small roomsj and 
is the result of two forces ; (1) The air sweeping so swiftly over 
the (ire keeps it dear and biight in from, so that the radiant 
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heat penetrates far into the room, ivarmmg the air and causing 
it to rise upward outside the limit of high velocity such as that 
imtnediately in front of the grate ; (?) The air movicig to the 
fire at a greater velocity aspirates and draws into the travelling 
current more air from above* In the case of a chimney in 
which the velocity of the smoke was 3 feet per second, the air 
escaping without doing much work is 2^500 cubic feet per 
hourj perhaps, whilst in the case of the chimney in which ttie 
velocity of the smoke is 6 feet per second, it is 7,000 cubic feet 
per hour possibly. At this point a most important question 
arises : " Can this waste of air (and heat) passing up the chim- 
ney be made to dilute the atmosphere which occurs at and 
above the level where the occupants breathe, i.e., a foot or more 
above the level of the opening of the grate ? " There is no 
question connected with the ventilation of dwellings so weighty 
as this. The answer is, that much of this air may be used, and 
with infinitely greater comfort to the occupants. In the winter 
when the temperature outside is very low, the volume of air 
getting into the living-room is large* That which finds its way 
in around the window sashes Is very frigid, and what makes its 
way under or around the door is Httle warmer, because it comes 
down from the bedrooms into the hall which In the majority of 
instances is not warmed. The consequence is that the air as 
it passes the feet of a person sitting near the fire gives rise to 
intolerable draughts, which are frequently so cold during severe 
weather that the occupants complain of being " roasted " In 
front and "frozen" behind. To prevent these draughts at 
the floor ievel, and the unnecessary loss of radiant and convec- 
tive heat from the fire, fender, irons, etc.> the first thing to do 
is to check or reduce the volume of air going up the chimney 
from the grate. If the grate is one with a movable canopy 
which acts partly as a damper and closes up the flue somewhat 
when it is pressed backj it will answer the purpose required, 
provided there is a good draught in the flue, and this flue is in 
an inner wall. When the fire is clear and burning brightly and 
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hot, the canopy can be closed home in severe weather without 
apparently much reducing the volume of air going up the chim- 
ney. The reader may be inclined to think that this statement 
should be taken atm gran^ sa/is, but this is not the case for 
the reason already given, vh,, that the moment the air passing 
over a good fire into a chimney is reduced in volume* the 
Bmoke becomes hotter and gives rise to a much higher ventilat- 
ing power, which in turn forces the $moke through the narrow 
space or opening at the back and sides of the canopy at a high 
velocity* According to this explanation the reduction of the 
volume of air and of the draughts wilt not be great, but the 
friction which the air encounters in passing through the narrow 
opening allowed by the closed canopy, affords the means of 
utilising much of the air for - 



wniitaling purposes which now 
escapes without taking any patt 
in the reduction of the impuri- 
ties present. 

If there is an Arnolt valve 
in the chimney-breast, or one 
of the improved flue ventilators 



7 



FcG. 9. — Mica Valve VentLlnior. 

on the market, when the air outside is tvry cold and that which 
ascends the chimney is checked as described, the chimney- 
breast ventilators mentioned will act more or less effectively, 
with the result that a large portion of the air which previously 
ascended the chimney through the opening into the flue above 
the grate may be made to pass through the chimnu-y-breast 
ventilators fixed near the ceiling of the room. If this is done, 
the velocity of the air moving from the windows and door at 
the floor level will be greatly reduced, and of course the 
draughts likewise. The reader may ask : " Why is it the 
chimney -breast ventilator with light mica, Fig. 9, or pxipier 
macki valves Is only said to give good ri;3Ults when the air 
outside is very cold?'" The reason is that so much air 
pressure is required to lift or open these valves that all the air 
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passes up the chimney by the grate in preference during mild 
weather. This is very unfortunate, because It is during the 
spring and autumn that there is the greatest necessity for more 
ventilation, whilst during cold and severe weather the value of 
more air above the level of the grate is not so apparent. This 
matter has been mentioned in chapter ii., but as it is oF such 
vital import it is dealt with in detail here. The question which 
will be asked at this point is, " Cannot the ditficuity of the 
chimney valves be overcome?'" Yes, in two way& — *ither by 
i3sing a valve^ or valves so delicately poised that the air will 
move them without much expenditure of pressure, Fig. 2, or by 
doing away with valves altogether and using a chimney-breast 
ventilator with a door which can be opened at will to the extent 
desiredi and closed perfectly when necessary^ Fig. 3. In the 
former case the ventilator must be thoroughly good and reliable, 
very delicate^ and well finished. This ventilator should not 
only have a delicately suspended valve, but the valve should 
be so controlled by mechanism that it can be shut altogether, 
opened fully and kept in this position, or allowed to play back 
and fore according to the variable pressures in the room. 

The advantage of having a valve or valves is appreciable, 
because the smoke is liable to be drawn out every time the 



• The valve or chfrnney-treaat ventilator invented by Dr. Arnatt wae & 
very sensitLve inBtrument. The valve was suspendeii much in the same 
manner as, a delicate BCalg. He knew how Uitllng was the air presssure 
available in autumn and spring to work the instiument, hence the import- 
ance of having it sensitive as already pointed out. Since the above was 
written the author has examined his original writings and drawings, and 
it transpires that Dr. Ainott finding some marLufacturers in their endeavour 
to cheapen and simplify the ventilator turned out less sensitive instiuments, 
pointed out how inefficient they would be. Since then balanced valves 
requiring more presEUie to move them than ts 10 be found in an ordinary 
chimney-flue have betn placed on the market, and the value of the real 
Arnott ventilators has been miBreprcgented. Fig. 2 is the original Arnotn 
valve, only the bearings figured here are needle point» and the valve plate 
is tQ consist Df much lighter materialr 
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door of the room is closed rapidly^ and the chimney may be 
inclined to send out a putTof smoke at the grale level when the 
door is similarly banged. If the housewife only knew that the 
rapid closing of a door interfered both with the smoke going 
up the chimney by the grate a.nd also the air through the chim- 
ney-breast ventilator, more care would soon be taken with 
the opening and closing of the doors of living-rooms. If this 
was sOj a chimney-breast ventilator without a valve cou5d be 
used with great effect, and much comfort experienced by the 
inmates of the room. If the flue ventilator is 9 x 6 inches In 
the clear and there is no valve, the proportion of air passing 
through the ventilator into the flue will be such that no draughts 
will be felt by those sitting near the fender. The tenant pro- 
vided with such a chimney-breast ventilator hawing a front 
which closed perfectly when required, can regulate this front 
and leave it one-fourth, one-half or full open as practice has 
shown best. There are some chimneys that will not work a 
ventilator in the flue in mild and windy weather, and in such a 
case it must perforce be closed. Such a chimney, however, 
will be found to draw somewhat powerfully in calm and cool 
weather, and during this time the ventilator in the flue can be 
made to do good service in the ventilation of the room. Un- 
less the valve or valves of a flue ventilator are extremely delicate, 
the latter is of no use whatever, and its office in the Jlue is a 
sinecure. If the valve is very delicate, it will respond to every 
movement of the door, and be liable to play somewhat if the 
windows are open. This is why it has been recommended that 
flue ventilators shall have an arrangement for keeping the valves 
closed when required, and an additional safeguard is to thread 

I the valve with wool so as to deaden the sound when the valve 
strikes the frame of the ventilator. Again, in very mild weather, 
when a small fire is necessary if only for appearance' sake, and 
the room is rendered close and oppressive in consequence, the 
most delicately poised valve will noE be of much service — hence 
it has been suggested that provision shall be made to hold the 
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valve more or ]ess open when required so as to enable the air 
from the upper part of the room to escape more readily. It 
has been mentioned, and deserves to be repeated^ that self-acting 
ventilators in our most variable climate are of little value, 6$^ 
cause they are snoperaiive when their acti&n is mosi required, and 
this is €spedaify t/ie case with venfi/ators in tht chimney-breast. 
The author strongly recommends that a flue ventilator be fixed 
in every living-room, and that the tenant shall take such interest 
in the apparatus that he knows by experietice jusl how, when 
and under what conditions it can be used to the best advantage. 
It is further suggested that if the chimney has a good draught, 
it should be swept regularly so that a flue ventilator either with 
or without a valve can do its best under the circumstances^, 

It is expected that the good housewife will enter a strong 
protest against the above conclusions, and point out that flue 
ventilators have generally a dirty appearance. The frame or 
border around the orifice of the ventilator is blackened, and 
sometimes the face of the wall, and, not unfrequently, the ceil- 
ing directly over. These two objections are somewhat weighty 
at fifst sight. With regard xo the former, the blacking of the 
frame or wall tmmediately around the orifice of the flue ventila- 
tor does not necessarily imply that the smoke comes out of the 
flue and is the cause of the mischief. On the contrary, this 
blackening is often the indication that the flue ventilator works, 
and that probably it is one of the cheap and nasty copies of the 
Arnott pattern which allows much air to pass without moving 
the valve. This blackening around the orifice of the flue 
results generally, if not entirely, from the movement of the air 
in the room towards the outlet-flue ventilatorj and is caused by 
the smuts (principally from the outside air) striking against the 
frame or wall aroundthe ventilator. Wherever air moves rapidly 
and impinges at an acute angle against a hard surface, the 
smuts floating in it more or less blacken that surface. P'or in- 
stance, the author was consulted with regard to black marks on 
a ceiling painted white, under and close to which electric lamps 
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had been Bxed, and these marks were found to be due to the 
smuts in the current of air which was caused to impinge upon 
the ceiling in consequence of the air being healed by the lamps 
close underneath. 

When a flue ventilator belches forth smoke into a room, the 
latter colours the top border or frame of the ventilator more 
drcwn than Mcuk, and if the chimney-breast ventilator is fixed 
near the ceiling, the ceiling is also stained brown. It wiU be 
found ofl inspection that such a ventilator is imperfect and does 
not close against the back draught-^ But the chief mischief 
results usually from the chimney being allowed to be so choked 
up with soot that little room is left for the air and smoke to get 
through, hence the defective ventilator is responsive to every 
movement of air, not only by the door, but even by persons, 
especially ladies, moving in the room. As stated already, the 
ventilators should close perfectly, and any trouble which may 
result from a defective due, or from the negligence of the tenant, 
would be provided against. 

When a large family assembles in a small room, it may fre- 
quently happen where there is no chimney- breast ventilaior that 
they sit there for long periods with less than soo cubic feet of 
air per hour per person, and as double this quantity can be 
obtained by the use of a flue ventilator in five chimneys out of 
six, it will be seen how advisable it is that there shall be one 
fixed in every living-room. Ventilators of the Arnott type are 
not ordered by many architects, whilst speculative builders dis- 
pense with them probably on account of the trouble and cost. 
There are two reasons, perhaps, which account for the flue ven- 
tilators being less frequently adopted in buildings which have 
been erected during the last fifteen or twenty years. The first 
is that the self-acting valves used were not sufficiently delicate 
to enable an appreciable volume of air to pass through, and the 
second reason is \h^\. fanciful and mo$t nmuitabk gratis tnhkh 
wiil not work a cktmney-breast vcniilatot have become fashion- 
able. If the tenant will look after his own health the adjustable 
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door ventilatoFr Fig. 3, is to be recommended. The housewife 
might fix a bracket just above the frame of the ventilator and 
let this project 6 inches in front. Fringe some 7 inches deep 
could be nailed along the front and two sides of the bracket, 
and this would nearly hide the ventilator and prevent the 
blackening previously referred to. The bracket could be spring- 
cleaned with the rest of the furniture, aod a further touch in the 
autumn would remove much dust. 

There are other grates more suitable to work a chimney- 
breast ventilator than those with movable canopies, because 
canopy grates with slanting Teale backs are not at all adapted 
for the purpose. Grates which are too open and have much 
space above the fire, grates of the old-fashioned type and all 
which do not direct a current of stnoke underneath the flue, are 
not suitable, but only those which have dampers, valves or some 
other Contrivance immediately above and under the centre of 
the flue, by means of which the current of air and smoke may 
be checked and regulated. These are the best for the purpose, 
although it will be found to be true generally that where a 
chimney "draws" well* a chimney-breast ventilator can be 
fixed in the flue with good effect- 
Before leaving the subject of chimney- breast ventilators, it 
may be well to point out how their general use would not only 
lead to the atmosphere in Hving-rooms being much less pol- 
luted, but also greatly prevent the spread of consumption and 
other diseases which are fostered by impure air. 

With regard to the cubic space allotted to each person in 
dwelUngs no definite order is in force, providing the buildings 
are not used as common lodging-houses. In reference to the 
latter the Local Government Board recommend 300 cubic feet 
per head» This is none too liberal, as it means that four persons 
may sleep in a room 12 x to feet if it is 10 feet high. In 
some towns twice the area is allowed, whilst in London as low 
as ^4P cubic feet per head is permitted. In a civilised com- 
munity it is questionable whether less than 400 cubic feel 
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should be allowed unless efficient mechanical ventilation was 
provided. When one considers the rooms occupied by the 
familiEs of the poor, cases in which ten persons perhaps are 
crowded into one room having a cubic capacity of less than 
2,000 cubic feetf it is a marvel how it is possible to be healthy 
at alL Hundreds of such families cannot afford to have two 
rooms, and if the authorities interfere it only means that the 
poor people have to leave the frying-pan for the fire. Still 
there is no doubt that something should be done especially to 
succour those who tend so greatly to keep up the figures of 
the birth rate whilst the majority of the population are doing 
their best lo bring it, as in France, level with the death rate, 
So far as the middle and upper classes are concerned the cubic 
space allotted need not be inquired into as it is usually ample, 
but in the dwellings of the poor something should be done to 
devise methods to accommodate large families at a reasonable 
rent 

When the air outside is cold, it is not advisable to open a 
window or windows somewhat widely with a view to supply the 
fire more freely and get an extra volume of air into the room, 
especially if there are reasonable provisions in the form of 
chinks and fissures around doors and window sashes to feed 
the fire. The cold air immediately flows down to and along 
the floor in the direction of the grate, giving rise lo cold feet 
and discomfort generally, whilst the air in the part of the room 
farthest from the windows, and where the occupants prefer to 
sit for comfort, becomes stagnant, with unpleasant see-saw 
movements supervening, owing to the irregular pressure in the 
room. It is best, therefore, to subdivide the incoming air as 
much as possible^ atid it is not wise to get Che supply from one 
or two large openings. The friction which arises when the air 
passes through small crevices is considerable, and immediately 
a large opening is afforded, no air practically gets in through 
the chinks. If a window is opened, it is best that the upper 
sash be lowered and that the opening is not more than one 
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inch at the top, unless ttie weather is mild or warm. In the 
latter case, should the temperature outside be 65° F. or more, 
the lower sash can be raised and the upper sash lowered, so 
that one covers the other. It is best, however, that the space 
beneath shall exceed that above the upper sash by about one- 
third. The tendency will then be to expel the vitiated and 
warmer air through the opening above the upper sash. A word 
of protest may be in place here against tiie use of perforated 
insertions in the bottom of window blinds and the introduction 
of a lath of wood some 5 inches, 9 inches or more, from the 
lowest end with a view to prevent the insertion being wound 
upon the roller. If the sun is not shining upon the windows 
and all the light possible is needed, the use of so many inches 
of insertion, however artistic it may appear, is a mistake, but 
the evil is much more apparent in the summer when, the upper 
part of the window being opened, practically the whole area is 
occupied by the portion of the blind which cannot be wound 
up. The old-fashioned blind with the lath at the bottom is 
much more sanitary. Again, it is often imperative to draw 
down the blind in town houses to prevent persons looking in. 
To make this necessity less unpleasant and prevent the air in 
the room becoming stagnant, the blind should be fixed to the 
roller at the upper end by two or three stout canvas webs one 
foot in length, so that if the blind is drawn down low enough 
the upper part of the window can have a free opening to the 
outer air. For summer use this arrangement is excellent both 
as regards comfort and ventilation. When the temperature 
outside is below 55" F., it is well to begin the distribution of 
the air, because, generally speaking, a fire will be lit, and the 
air from outside will be cold enough to give rise to draughts. 
If the temperature outside is 40° or less, the windows can 
generally be closed with comfort and the possibility of fair 
ventilation. Where there is only one window and it is srQall 
it is better to fix an inlet ventilator of the Sheringham type 
near the ceiling with some provision for subdividing the incom- 
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ing air, rather than open the window widely, because there will 
be much draught e!q3erienccd. 

Dr. Bird suggested a simple expedient for introducing a 
little fresh air between the two frames of the upper and lower 
sashes. A block of wood from 3 to 6 inches deep is 
placed beneath tbe lower sash, then air can gain adEuission be- 
tween the middle bars of the aasbes. From some years' ex- 
perience of the use of these blocks in class-rooms the writer 
cannot speak in their favour. Fan lights above the windows 
are much more effective, but these are rarely supplied in 
dwellings. It is questionable whether any rauch better method 
of introducing inlet air can be devised than by opening the 
top window sash one inch or more according to the tempera- 
ture of the air outside. The main point is to let the air in as 
near the ceiling as possible so that it shall be tempered some- 
what before it gets to the occupants, and in its fall to the floor. 

Louvre panes in windows and other forms of glass ventila- 
tion are useful for supplying a small quantity of air continually 
where the window surface is small, but for dwellings a Shering- 
ham valve or other wall ventilator of that type is more permanent 
and less liable to injury. 

In a previous treatise the writer refened in detail to the 
Tobin inlet shafts without recomniending thetr adoption for 
public buildings. They are not recommended for dwellings 
because it has long been recognised that they must be fixed 
much higher than was thought necessary in Tobin's time, and 
because the Sheringham valve, Fig- i, is a cheaper and more 
simple arrangement and calculated to give rise to less draught. 
To introduce air near the floor level and cause this to pass up 
through a tube which takes up unnecessary room and causes 
much friction upon the air coming in is stupid in the extreme 
when the wall can be pierced where the air is wanted and no 

I tube or other obstruction placed in the room. 
This subject of inlet air is one surrounded with consider- 
able difficulty. If provision was made for warming the air 
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before it came into a room, the chief difficulty would be over- 
come, but in, ninety-nine cases out of a hundred inlet air is 
admitted in its raw condition into the living-rooms of private 
dwellings. Should the room in question be of fair proportions, 
tS by ts feet for instancCf and there are three pairs or more 
of small window sashes, or two or three of larger size with one 
door, the volume of air leaking around such extended surface is 
not only sufficient to feed the fire, but the air coming in is so 
well distributed that draughts are reduced to a minimum. A 
room of this kind with a flue in an inner wall is very comfort- 
able generally, and there is no need for inlet ventilators. If the 
room was provided with a suitable grate and a chimney-breast 
ventilator^ it could be warmed with far less coat and the venti- 
lation greatly improved. When the space beneath the door of 
a room is considerable, it is advisable to reduce this somewhat, 
so as not to get a severe draught in the direction of the fire, 
because of all draughts this is perhaps the most trying for the 
occupants. The inlet air getting into a small room through 
the crevices around two little sashes is generally very insuffi- 
cient to feed the fire, and large volumes have to find their way 
in around and under the door. The flues in these rooms will 
generally work a chimney-breast ventilator if they are swept 
regularly, and^ by those who have experienced the intolerable 
draughts which occur in very cold weather in a room lo or 12 
feet square, the comfort which results from the adoption of a 
Hue ventilator will be greatly appreciated. In such a room 
always fix a Sheringham valve, if possible, to supplement the 
air supply coming in through the crevices around the one 
window, so that the air rushing beneath the door may be 
reduced in volume ; but a grate which checks the air going up 
the chimney and a suitable flue ventilator are invaluable in this 
case, as the velocity of the air travelling near the floor can be 
reduced by one-half» and draughts prevented. 
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:hapter v. 



AIR INLETS AND OUTLETra [cefUimuJ). 

Much has been written recently about the diffusion or effusion 
of air through porous materialj and sanitarians have strongly 
advocated that walls and ceilings shall t5ot be painted, papered, 
varnished or rendered in any way impervious to air. Whilst ad- 
mitting that much air and impurity can and does pass through 
a porous ceiling and into the room above, it is not so evident 
that great benefit results from leaving the ceiling in a porous 
condition. The space between the ceiling and the floor over- 
head becomes filled with impute air, which by slow diffusion 
finds its way into the bedroom above after the occupants of the 
living-room have retired for the night. It is mudi preferable, 
therefore, that the impurities shall he drawn into the chimney 
by a flue ventilator. Notwithstanding what has been just stated, 
ceilings which are simply whitened and left in the condition of 
greatest porosity, have other healthy attributes and are to be 
recommended. If a house is well built, it is to be feared that 
the finishing of the walls, as practised to-day, prevents much 
diffusion of air through them ; and, although some httLe does 
find its way in, the volume is so trifling as to be disregarded in 
estimating the inlet air which enters a living-room from without. 
Apart from this conclusion, however, a porous wall is advan- 
tageous, and where there are damp courses to prevent water 
getting to the walls below, porous walls are usually the driest 
and the healthiest. Unfortunately, most of the air passing 
through a wall from the outside Is induced to permeate the. 
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porous material chiefly according; to the pressure of the pre- 
vailing winds, or by reason of the appreciable difference in 
density due to tbe temperature outside being much lower than 
it is inside, so that the benefit which would resuh if there was 
much difference during mild and, tnuggy weather is not ex- 
perienced. 

It has been stated that the air supply of a room should be 
as subdivided as poss[ble» so that draughts shall not occur in 
cold weather. To this end, numerous devices have been sug- 
gested, and one of the most effective, probably, is that the 
cornices shall be perforated and the inlet air admitted through 
the perforations. The method is good, and sound as far as the 

distribution is concerned, 
but the difficulty is to pro- 
vide a channel for the air 
which can be cleaned and 
in which the smuts will 
be prevented from getting 
through the perforations to 
blacken the edges of the 
cornice as they pass. Un- 
fortunately, this blacken- 
ing will result to some 
extent even if the air is washed, as small smuts frequently 
escape capture by the water. 

The better plan is to fix a small shelf, Fig. id, to hold 
pottery, and the air space is to be provided under the shelf 
and behind the arrangement which is left hollow for the pur- 
pose- Inlet air can travel behind atid find its way into the 
apartment through small perforations in the front, or the air 
may be allowed to escape at the top and bottom. Furthermore, 
the whole device is to be so suspended that it can be taken 
down for the purpose of cleaning. The air from the outside is 
to be admitted through narrow bricks, finely perforated, fixed 
at frequent intervals, and no plaster is to be behind this inlet 



Fig. io. — Sbclf Arrangeraeni for Dis- 
tributing Intel Air, 
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ventilator. If these air bricks are in the outer wall and face a 
cold quarter ihe perforations must be stoiall. as when the wind 
is in that direction the volume of air getting througb in severe 
weather will be grater than those who study comrort more than 
fresh air may desire* To provide against this contingency the 
shelf arrangement should be so fixed that it can be screwed up 
tightly against the wall when required, and thus prevent an 
unreasonable volume of air coming in during severe weather. 
Where a room is lit from the end and the window space is 
confined to that position, the adoption of such a shelf ventilator 
along the side of the room fronting the fire will give satisfactory 
results. It should not be forgotten that owing to the quantity 
of smuts present in the air of large towns, perforated cornices 
and other inlets provided with means of greatly subdividing the 
inlet air are ?v.>t very suitable, unless there is some way of clean- 
ing ihem so as to remove the smuts and dust. The shetf arrange- 
ment when it is fixed above a radiator is best set upon the top 
of panelled woodwork which reaches from the skirting to the 
top of the shetf. If the radiator is in a drawing-room where a 
delicate paper is used the circulation of the heated air will in 
time slightly soil the paper. To avoid this the woodwork is 
recommended, and this can be painted if necessary to match 
the paper. 

The late Dr. Reid recommended ' that air might be ad- 
mitted through the skirting. In this case, of course, it would 
have to pass first through the air grids placed in the outside 
wall of the house to ventilate the floors underneath. This is a 
satisfactory arrangement provided the house was built upon 
solid ground, and not upon land which has been tilled up with 
scavenger and other refuse material. When the earth under 
the floors is dry and satisfactory there is no reason why air 
should not be taken from under the ground floor, as it is a 
simple, effective and by no means expensive device for the ad- 
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mission of inlet air. If the grids outside are made on the hit- 
or-miss principle, ihey can be dosed in cold weather. If the 
weather is very severe, boards or stones can be placed in front 
of the ventilators which can be rendered air-light wtth a littk 
soft material. In this way the volume of air coming in can be 
regulated from the outside* After passing underneath the floofj 
the inlet air is admitted through the skirting by small holes with 
a centre bit one quarter of an inch in diameter at one quarter 
of an inch intervals. These holes are bored through the lower 
part of the mouMing, In this case the skirting should stand 
about one quarter of an inch from the wall^ and such a distance 
can be easily obtained, because the plaster is dispensed with 
beneath the skirting. It is best to admit the air al] along the 
side of a room opposite the fire-place if it is practicable, allow- 
ing the skirting near the part of the room which is most desir- 
able to sit in to be free from perforations. This device is very 
useful in small rootnSj but the way the air is let in does not 
conduce so much to the diluting and removal of the impurities 
as when it is introduced through the cornice or other arrange- 
ment near the ceiling. 

Another method for admitting inlet air much subdivided is 
facilitated by the ventilators under the floors in houses which 
have been jerry built. In such houses there are air spaces be- 
tween the boards, and where these occur, and the rooms are 
small, the tenant will find it possible to prevent much draught 
coming in through windows and around the door in particular if 
he keeps the crevices between the boards free from dust in those 
portions of the room where the occupants rarely sit. The author 
had a room built for determining the lighting power of gas and 
other illurainants, and it was found to be well ventilated through 
the spaces between the boards which had shrunk badly. In 
cottages and small villas the admission of air through cracks in 
the floor or through the skirting adds greatly to the comfort of 
the occupants in cold weather. When the skirting is used to 
admit and distribute fresh air, it should not be nailed to the 
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wall, but fastened by screws so that it can be taken down at 
intervals to remove the dust, etc., collected behind. It is poor 
people who have the latgest families and the smallest rooms to 
live in, What a boon to the comrnunity it would be if fiue 
ventilators were adopted generally^ whilst every small room 
with but one window should have an arrangement near the 
ceiling for the admission of much fresh air through such small 
perforations as shall render draughts practicalty impossible. 

Outlet Ventilators. — The efficacy of the chimney-flue 
to remove air and smoke and ventilate a room has been men- 
tioned in detail, and there is little more to be added. A flue 
9 X 9 inches is only effective in mild weather to the extent of 
3,Qoo to 6,000 cubic feet per hour. During some of this time 
the window could be opened somewhat widely and aid in the 
ventilation of the room. It will be seen, thereforBj that if a 
room has to accommodate several persons and exceeds sq x 
15 feet, it is advisable to make the flue T4 x 9 inches. 

Of late years some flues in houses and offices have been 
constructed with enlarged spaces or smoke reservoirs some 2 
feet above the entrance into the flue. These receptacles for 
soot also form extension reservoirs which are not only useless, 
but very detrimental to the satisfactory working of the chimney. 
Where the winds aspirate near the ground level, the smoke in 
such reservoirs is easily expanded, the result being that puffs of 
smoke are drawn into the room. 

All that is necessary has been said in the text already about 
chimney- breast ventilators, so that attention can now he directed 
to those flues which are built in the walls by the sides of the 
chimneys, and are more or less warmed by them when there 
are fires in the rooms. These outlet air-shafts or tubes are 
either 9x9 inches like the chimneys, or consist of glazed 
earthenware pipes from 6 to 9 inches in diameter. At the 
bottom end of the flue where it starts from the living-room 
there is usually some valve or valves, and frequently mica plates 
are used for the purpose. The idea of removing the foul air 
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near the top of the room is excellent, but it is not practical to 
do this by means of a separate outlet flue in a room where a 
fire is burning. This is so because the pressure is much less in 
the room than it is outside, owing to the friction which the in- 
let air encounters in getting through the chinks and crevices. 
In those rooms where the flues have mica valves at the bottom, 
neither good nor harm is eflfected by the outlet fiue, because no 
air passes away through it. This is made doubly sure by reason 
of the tension or partial vacuum in the room which sucks the 
valves or mica plates inwardly and holds them tight so that air 
cannot pass, but where the outlet flue is open from bottom 
to top it will be manifest that no air will go up the outlet flue 
if the chiremey-flue can help it. Should the chimney-flue be 
foul with soot it is not Unlikely that the outlet flue will then 
aspirate as powerfully as the chimney itself, the result being 
that when the outlet gets the mastery the fire smokes, and when 
the fire is strongest no air goes through the outlet. If a window 
is opened 6 Or 8 inches, there may be enough pressure to work 
the outlet flue in very cold weather, but, of course, the inmates 
rarely can tolerate a window being open under the circum- 
stances. If the weather is mild and the outlet flue has mica or 
other valves at the bottom, there will not be sufficient pressure 
to cause an upward current. Nor will the adoption of a grate 
which heats a current of air coming from the outside get over 
the difficulty. If there are no valves and much warmed air 
comes in, there will be a stubborn fight between the chimney 
and the outlet flue. The latter will cause some vitiated air to 
pass outwards and increase the tension upon the air in the 
room, As a result^ the velocity of the smoke passing up the 
chimney will be reduced too low, and the soot will be deposited 
in such a finely divided condition that it will at first fill up the 
flue rapidly, and subsequently tumble down in great avalanches 
at frequent intervals. Assuming that the fine is in the t 
wall, a separate outlet flue even though open throughout 
nuisance, and far less effective to remove vitiated air than 
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ventilator without a valve 6xed in the chimney-breast. Again, 
if as hinCed already^ there are valves at the bottom of the usual 
type, the outlet flue does not work at all, and the valves only 
move if there is wind pressure through the windows, or when 
the door of the room is opened suddenly. 

The author experimented with outlet Bues in a friend's 
house some years aga These flues began in the chimney- 
breast of each room and were supplied at the bottom with a 
modified form of Amott valve. When the wind was choppy, 
considerable aspiration occurred at the upper end of the outlets. 
On more tbata one occasion the aspiration at the upper end of 
the dining-Toora chimney and of the outlet flue was so consider- 
able that puSs of smoke came into the room each time a lull 
occurred m, the blowing of the wiod. Immediately the wind 
pressure was released, air descended Che inlet flue, perhaps half- 
way down, causing the ill-fitcing valve to clap considerably. 
After the cold air had travelled down some distance, it became 
warmed by the brickwork next to the chimney^ with the result 
that an up current was started, as was evident from the move- 
ment of the valve. This upward current caused the air in the 
room to be under increased tension^ but as the chimney had the 
stronger ventilating power, the velocity became too slow in the 
outlet flue to keep back the denser air at the top^ the result being 
that cold air descended the flue again for some distance until it 
was healed sufficiently to rise upwards. ^Vhen no appreciable 
wind was blowing, the state of things described was always re- 
peated at intervals in cold weather as long as a good fire was 
burning. 

The que^tioti may be asked, perhaps : " What would be the 
result if self-acting pneumatic pumping cowls were used on the 
top of a separate outlet flue?" In a previous treatise' the 
author dealt with a somewhat similar questionj only it was in 
relatioti to public buildings, and showed that the aspirating 

• The VentttatioMf Heating and ManagimcM of ChunKa and Public 
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efficiency of the so-called pneumatic ventilators was, fortun- 
ateliy, far less thaii If the wind was allowed simply to blow 
across the open tnouth of the unprotected outlet. Were it 
otherwise smoky chimneys would be even more in evidence in 
those cases where such ventilators are in position. Revolving 
cowls do not usually aspirate much, and are practically inactive. 

In the case of Board Schools separate air outlets are de^ 
manded by the authorities. When visiting Board Schools for 
ventilating purposes the author has found that in numerous 
instances the air outlets are carried up by the side and to within 
a trifle of the top of the chimney-stacks and then covered over. 
Iron gratings are provided tn the sides of thechimncy-stacks with 
a view to the foul air passing ijito the atmosphere through them. 
When the wind blows against these gratings, so much air gets 
into the flues that the aspirating power* if any existed, is over- 
come and down-draughts are prevalent. This method of finish- 
ing off the outlet at the top has been adopted by some architects 
in the houses they have designedj and can only give rise to 
irregularity of pressure in the room underneath with consider- 
able sweeping of cold air at frequent intervals when the wind 
blows against the end of the chimney-stack and aspirates, some- 
what powerfully, upon the outlet gratings. If separate outlets 
were workable when fires are used, it would be better if they 
were finished off with chimney-tops which did not aspirate, 
and which may be shorter by a foot or more than those on 
the chimney-flues. If the rooms in houses are heated by hot 
water or electric radiators without fires, ventilators in the chim- 
ney-breast will form reliable and efficient outlets, and there will 
be no necessity for separate outlet flues. 

Whenever a new book on lighting and ventilation appears, it 
does not seem orthodox to dispense with some description of the 
ventilating gas-burners which have been placed upon the mar- 
ket. These will be mentioned again if their illuminating value 
demands notice, but although so many kinds have been tried, 
there are few instancy in which one of them Is used to-day in 
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dwelling-bouses. Such gas-bumets are more or less enclosed 
and connected wiih an outlet shaft passing through the ceiling 
of the room. Tbe heat created by the gas induces a current 
of air to travel outwards thiough the pipe around the gas- 
burner. Unfortunately, for the reason already mentioTied* the 
outlet shaft warmed by tbe gas-btjmet pulls against the chim- 
ney, and if the gas eOects the removal of some of tbe vitiated 
atmosphere it is probable that it will be equally effective in 
causing the fire to smoke. Attempts have been made to assist 
extraction through separate outlet ilues by using jets of gas 
imdemeath the lower ends of these flues- If a window is 
opened wide in mild weather the outlet flue will work, but if it 
is cold and the windows are closed or a strong wind is blowing 
the fire will smoke as soon as the gas jets are liti 

Now that the electric light is becoming more generally 
adopted, it may be suggested that a small fan fixed under the 
separate outlet would be effective. It certainly would if the 
windows could be kept open sufficiently wide lo feed a fire, 
but tbe moment they were closed ihe fan would overcome the 
power of the chimney-flue, unless the latter was laige and very 
high, and bring the smoke into ibe rootu. It might be sug' 
gested, however, that a separate flue would be very useful in 
summer for the removal of the vitiated atmosphere from the 
upper part of ihe room, especially if there was a small fan 
adopted. The flue would be of little service in warm weather, 
and a fan could be applied then to drive air through a chimney- 
breast ventilator just as easily as through a separate outlet flue. 

If separate outlet flues carried up by the chimneys are pro- 
vided in a house where dog grates, grates with hobs, hearth 
fires or any grates which do not send hot currents of smoke up 
the chimney are in evidence, the tendency to smoke which 
characterises such grates when no separate outlet is furnished 
becomes more pronounced when such an outlet exists. Arcbi' 
tects will act wisely, therefore, if they dispense with separate 
outlets altogether in living-rooms of reasonably small propor- 
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tioriB heated by ordinary fires, and feiy upon a larger chimney 
with a flue ventilator when much air is required, due considera- 
tion being also given lo the suiwbilily of the grate, especially 
in cases where the flues are in the outer walls. 

Where a small room or workshop has been built, and it is 
heated by a gas stove or electric radiator because there is no 
fire-place, the air will be very stagnant when the door and win- 
dow are closed unless some top ventilation is provided. A 
tube froni 9 to la inches m diameter having a valve at the 
upper end which can be closed in very cold weather will be 
found sufficient. If the room is used foe periods of some dura- 
tion, the method of admitting air through the skirting, or, better 
still, between boards which have shrunk or have not been fixed 
too closelyj will be found satisfactory. 

In the case of a billiard-room heated by hot water and which 
has no chimney-flue, the outlet may be through movable h^hts 
in a closed roof, or if there is no top light, through a lO'inch 
ventilator fixed in the centre of the roof. The tube of this 
ventilator must have a regulating valve at the top which will 
close perfectly in very cold weather. Where a billiard-room 
has no other room above it, it h best without a ceiling. In 
Buch a case the rafters should be boarded over and carefully 
covered with good felt. 

By reason of the use of central flues or ventilating shafts in 
large buildings, it has been suggested that the principle might 
be applied in the case of dwellings, such as flials for workmen 
and the like. The writer does not consider the plan sufficiently 
feasibtc or workable to give much space to Its discussion. 
Where a building was under the direction and supervision of 
one capable man, it might be possible lo work many fires by a 
large central shaftj but the varying condition of the fires, some 
evolving great heat,, others nearly exhausted and others which 
are unlit having their dampers left open through carelessne-ss, 
might so reduce the ventilating power of the abaft that some 
flues would work with much difficulty, and have httle power to 
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remove vitbted air. Again, the lop of such a sbafl would re- 
quire a valve or some other arrangement whereby the area of 
the outlet would be r^ulated according to the temperature of 
the air outside, and It would be necessary also to have a per- 
son who had sufficient physical knowledge to regulate it. A 
separate tlue for each room is preferable, and, it is to be feaiedi 
the only workable plan for our present social and economical 
arrangements. 

Before leaving the subject of the inlets and outlets it may 
be well to deal with a case which not unfrequently arises now 
that the open-air treatment for cousumption is so generally 
adopted. Some member of a family sufTering from that com- 
plaint decides to be treated at home, or perhaps necessity 
demands it — what inlets and outlets ought to be adopted so as 
to ensure the largest volume of fresh air in the living-room? 
If there are two windows, one in the end farthest from the fire 
and one nearer to it, it is best to open the former somewhat 
wide at the bottom as well as at the top, and (he latter some 
two inches at the top or more according to the severity of the 
weather. The window farthest from the fire should be opened 
wide enough to supply the fire and afford an extra volume to 
drive out the vitiated air at the top of the second window. The 
direction of the wind is, however, a very important factor, and 
the tenant should know from what quarter the wind blows. If 
that direction was right against the window nearest the fire, no 
vitiated air would pass outwards, but cold air would get En. If 
the occupants can stand the introduction of air through this 
window, either at the bottom or top of the sash, the ventilation 
of the room will be assured if the other window is opened some- 
what at the top. When large volumes of air are desired, such 
as for this treatment, cornice inlets, Sheringham valves and 
distributing air inlets are of secondary importance, and if they 
are not in existence, it is questionable whether it is worth going 
to the expense to fix them. The windows are the best inlets, 
but the direct pressure of the incoming air must be broken, 
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Otherwise neither the fire nor the inurnmants will stand the 
irregular pressures and draughts which will be experienced at 
intervals. The old method of raising the lower sash and plac- 
ing a piece of wood 3 inches thick underneath will be found 
useful when the temperature outside is below 32^ hut may be 
regarded as very inadequate at any temperature above. To 
break the force of the ajr admitted at the bottom of the window, 
a. blackboard held on the ordinary tripod will be found effective. 
A screen which can be raised or lowered hke Fig. 11, made of 
transparent material, is useful to stand about a foot in front of the 
lower sash of the window^ and an arrangement of similar material 
for suspending before the top of the upper sash, but far enough 
from the ceiling that the vitiated air will escape 
over, is very useful where there is only one window 
in the room. By the aid of such upper screen 
standing a foot from the window frame, it is 
possible to admit fresh air and allow vitiated to 
go out through the upper sash of the window. 
With regard to separate outlets by the side of the 
chimney-flue, if there is one without valves it may 
be left as it is, the only drawback being that if the 
windows have to be shut at night for protection 
the separate outlet will pull against the chimney, and when the 
fire is low cause smoke or sulphur to get into the room. If a 
chimney-breast ventilator is fixed in the flue and it has mica or 
other valves the probability is that the unceasing clapping of 
the valves at times will greatly irritate the occupant, and lead 
to the ventilator being covered over by pmting paper in front. 
The fresh-air treatment aims at keeping the pressure in a living- 
room great enough to expel the vitiated air through the tops of 
the windows, and the chimney- breast ventilator, if it has no 
valve, will probably let so much cold air into the chimney as to 
Beriously impair the draught of the fire. Again, the chief diffi- 
culty experienced will be to Maintain the temperature of the 
room at a reasonable point in cold weather. It will be abso- 
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lutely essential that the 5re shall burn brightly and hot, and it 
is in a case like this that the value of a grate which can be regu- 
lated as to the volume of air gomg up the chimney, and which, 
is so constructed that the air will keep the front of the coal as 
nearly white hot as possible, is appreciated. If the grate has 
no outlet valve or regulator, or is too open, much cold air will 
pass Up the chimney and the greater part of the sooty matter 
will be deposited. To give the patient the best chance, have 
the chimney swept once in two months at the outside— once in 
six weeks would be better. A good grate which has a chimney- 
flue in the inner wall will nearly always work a chimney-breast 
ventilator with some effect, but it is best to make sure that the 
fire shall "draw*' well and send out much heat rather than try 
to ventilate through the chimney-breast. During the autumn 
and spring it is possible to have much air passing through a 
room if a good fire is kept and considerable window space is 
opem 

Inlets and Outlets foe SrABLES-^Before leaving the 
subject of inlets and outlets a method of ventilating stables 
might be of service. These should never have rooms above 
thecn if it can be avoided, and if such rooms must exist, 
either for hay storage or as living-rooms, the boards should be 
carefully tongued and good ceilings provided. If there is a 
room over, the height of the stable should not be less than 12 
feet. Within 6 inches of the ceiling and immediately above 
the windows a number of perforated bricks should be fixed at 
intervals of 9 inches, having perforations not more than half an 
inch in diameter. Immediately below the bricks on the inside, 
flaps or boards 4 feet long, hinged at their lower edge, should 
be held by a cam arrangement, so that the board or boards can 
be closed perfectly or left as much open as desired. Each board 
covers four air bricks. These bricks are best used in both the 
front and back walls, and the boards or Haps should be made 
of well-seasoned wood and fit accurately. The stable should 
have narrow lights above the horses' heads and immediately 
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under the air bricks. Two such lights to a loose-box and one 
above each stall, all capable of being opened for summer ven- 
tilation. The door of the stable should have a movable fanlight 
fixed over it, and there should be other windows for well lighting 
the stable behind the stalls. Windows whose upper sashes are 
on the fanlight principle are well adapted for stables, especially 
those intended for lighting behind the horses in the stalls. 
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Of all the troubles which the householder has to face there is 
none so unsatisfactory as smoky chimneys, especially if these 
are situated in outside walls. In the latter case ihe soot is 
deposited in the flues in a very finely divided state, hence the 
slightest movement in the chimney brings down a flood of soot 
dust which, becoming ignited as it passes the fire, sends a 
shower of sparks sometimes right across the room, rendering 
everything in its course black and iD-smelling. The first 
shower of soot is generally the prelude to the fall of more, and 
the winds which usually overturn the ventilating power of the 
chimney and commence the mischief seem to take pleasure in 
sending gust after gust of smoke into the room, so that alto- 
gether the mistress and the servants have a very bad time. 
Those chimneys which smoke because the wind aspirates the 
air which would otherwise get into the room through the 
crevices around the windows, etCi, may not have the soot so 
finely deposited nor so prone to fall, but when a puff of smoke 
gets, into the room the outer atmosphere descends the chimney 
somewhat from the topj and if the grate smokes badly, it de- 
scends still more as puff after puff gets into the room. Once 
the cold air from above reaches the Are it is almost impossible 
for the smoke to get back into the flue, owing to the peculiar 
construction of many of the grates^ and the state of affairs is 
disagreeable in the extreme. 

A word of caution may be salutary at Ibis point, and the 
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would-be tenant of a house, especially if he is likely to be a pur-] 
chaser, should ascertain for certain how the chimneys act. If 
there are zinc or galvanised iron tubeSr lobster cowls, tall-boys, 
revolving cowls or siich-bke contrivances upon the chiraney- 
topSs he may be certain that something is wrong. If on examina- 
tion the grates show that they have been drilled to facilitate the 
hatiging of sheet-iron discs in front of the fire, it is doubly sureHl 
that serious smoke trouble will be experienced. He wilt be^* 
wise if he consults some one ver&ed in the matter to ascertain 
if the sanitary and other conditions are in order. It may he 
mentioned that there is no necessity for ugly bends and cowls 
upon chimney-tops, or that any chimney should smoke^ A 
good grate suitable for the situation and a permanent terra-cotta 
chimney-pott which will prevent wind suction, being all that is 
wanted, providing, of course, there is no obstruction in the 
flue and a reasonable volume of air gets into the room. The 
purchaser of a house, therefore, should stipulate that the grates 
shall be such that the chimneys shall not smoke when a good 
wind-resisting permanent pot Es in position, ^fl 

Another word of caution is necessary at this stage. If the^H 
householder Js bent on removing the cowls off his house, and 
has fixed a good grate and obtained a satisfactory terra-cotta 
pot, let him employ a man whom he can crust to fix the latter. 
Should the tenant select the pot himself and euaploy a man t< 
fix it who receives an extra discount on every cowl of a cer- 
tain pattern which he places in position, it is not unlikely thai 
a nest of hay made by a wingless bird will accidenlady (?) tint 
its way into the chimney-pot, and cause the chimney to smoke,' 
with the possibility of condemning both grate and chimney-pot 
The author has fouod this disreputable trick done somewhaij 
frequently, and the owners of flats and suites of offices will fine 
it much to their advantage if they call in some one who knows 
whether there is any real cause for the smoke trouble, 
whether some foreign matter like a wisp of hay or straw 
shredded wood has been introduced, so that the parties 
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cerned might mutually beaefit, and further work and fees be 
obtained. Let but one cowl be fijted on top of a large build- 
ing, and it is surprising how soon another chimney is found lo 
be faulty, and the owner should have the chimney swept and 
the pots examined before proceeding further. 

The condition of the chimney-tops in London is such as 
defies description, and what it will eventually be it is difficult to 
prophesy. Zinc and galvanised iron tubes and cowls are upon 
the market having their upper portions movable and fixed by 
bolts. If the 6-fDOt cowl first placed in position to try its effect 
does not stop the smoke trouble in the room underneath, 
another and longer top, perhaps, 6, 12 or even 18 feet> is bolted 
on. It has been stated that the higher the chimney the greater 
the ventilating power, hence the lengthening of a chimney is 
usually a ready means of increasing the ventilating pressure. 
The effect of this addition may not be visible for a time. Per- 
haps the chimney was one in a suite of three offices, and by the 
additional length what was previously the weakest chimney is 
converted into the strongest The next time a wind blows 
which adversely influences one of the two other chimneys* this 
flue commences to smoke. Again the tube maker is consulted, 
and he thinks a 6-foot cowl must be placed in position. This 
cures No. 3, but unl'or Innately the extra length of flue has over- 
come No. 3, which smokes now. A long cowl is placed on No, 
3 and all appears well for a httle while until the wind affecting 
No. I blows lustily, then it is found that it smokes notwith- 
standing the added length of the chimney. By this time, prob- 
ably, the owner or occupier who has to bear the expense is 
thoroughly aggravated, and sends for an expert, who tells hitn 
that there was no reason whatever for this metallic tube addi- 
tion either with or without a revolving cowl. 

It not unfrequently happens that when once these tall-boys 

and cowls are fixed upon a block of fiats, and long lengths of 

tubes added until the two or more fires burning at the same 

time draw — for this can be done by greatly lengthening in 
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some cases — it is the means of causing cbimneys to smoke in 
other parts of the building* getting air from the same corridor, 
which were perfectly good before. When tall-boys and cowls 
are added to one or two additional chimneys, the wholci, per- 
haps, or nearly all the flues in the building are doomed. The 
great volume of air necessary to feed the chimneys whose ven- 
tilating power has been so greatly increased is not provided by 
the leakage around doors and windows, because of the increased 
tension or partial vacuum which has been formed, and fire after 
fire is made to smoke. 

The owners of such buildings should grasp the truth that what 
was wanted was not higher cowls to draw more atr out of the 
roonij noT was greater ventilating power necessary, but some 
means of checking the ovtrdrangM in such high chimneys— in 
other words, the chimneys wanted shortening, if that were 
pradicahh, instead of lengthening. In some cases the grate 
was unsuitable, and likely enough want of air into the room 
was the chirf fault in many instances. If the Owners of new 
blocks of flats and offices set their faces against iron tubes and 
get sound advice when a flue smokes these ugly defacers of 
architecture need not be placed in position at all, and immense 
sums of money saved eventually. Some of the cowls fised 
upon buildings in London cost ^j or more by the time they 
are set, and, as the life of these rarely exceeds four or five years, 
a building with fifty or more chimneys is a little mine of wealth 
to the cowl makers and a serious annual loss to the proprietors. 
Unless chimneys rest against the pine end of a building which 
has been raised many feet above them, a good hterra-cotta pot 
and a suitable grate are all that are necessary, and if the 
chimneys are so situated, iron tubes carried up to the top of 
the new building are as good as if surmounted by a revolving 
cowl, which is an unnecessary expense. If the owner of the 
house \% not going to rebuild, it is best and cheapest in the 
long run to Carry Up a permanent stack at once, high enough 
to reach the top when a 6-foot pot has been added* 
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The consideration of the cause and cure of smoky chimneys 
being so important, it will be best to tnenlion in detail the 
various faults which give rise to them and how to overcome 
the difficulties. They may be grouped thus: t. Defects in 
the flue, 2. Defective chimney-pots. 3. Defects in the grates. 
4. Defects in the room in question, i, These defects may be 
due : (fl) to the flue being too small ; (d) to too many twists 
and bends; (c) to obsttuctions from dropped mortar and not 
being properly cored afterwards, or too sudden angles at the 
main carry-over or bend; (</) to the flue being in an outer wail 
and coldT covered with only 4j-inch brickwork, bricks porous 
and mortar made with sea-sand, giving rise to continual damp 
in moist or rainy weather; (e) the chimney being too short. Be- 
fore discussing (a) it may be well to deal with the number of 
the bends and the angles. If the flue is carried across to an- 
other wall with a sharp bend and it has to go some distance 
nearly level afterwards, such a flue ought to be 12 inches 
square, and one 9x9 inches will probably give some trouble. 
A flue 9x9 inches is not too small for rooms up to 300 feet 
superj provided it is fairly straight and the main bend^ is not 
at a sharp angle. If there is more than one bend, it may be 
advisable to have the chimney 14 k 9 inches until the first is 



' With regai4l to the qu'^ation whether every chimney should have a 
bend in it as stipulated by the authorities in London, the consensus of 
Opinion pmbabty is in favour of such a bend, but the idea is quite foreign 
to physical theory if not to common-cerise. It is Inie that some chimneys 
which ha.ve benda d!o not smoke, and that some which are straigtic do 
smoke, but in the former case the bend saved the chimney because the 
flu€ was coo large, and in the latter case the same fs^ult was partly the 
cause of the mischief in congequenct; of s. want of aii supply in Che room. 
When it is remembered that a sharp bend reduces the veatilating power 
of the chimney by from one-fifth to one-half according to the angle, it 
will be seen thai it is not ivi&e to have bends in a due which is not greater 
than 9 X g inchi^. If the end of a Hue i^ covered with a Suitable winii_ 
resiating chimney-pot, the flue can be stcaig'ht no matter what its sire 
m^y bie. 
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passed, and g x g inches afterwards, so as not to restrict the 
air which, is drawn out of a room. The last 6 feet of a flue, 
and in hig;h houses from the point where the flue is vertical, 
should always be reduced to 9 x g inches, if it is previously 14 
X 9 inches. These remarts refer to ordinary rooms with ordin- 
arj' grates. A very large kitchen range may require a flue 14 x 
14 inches, but the last 6 feet of this chimney should be drawn in 
until it is not more than 10 x to inches at the top, and the 
diameter of the chimney-pot, if short, should not be more than 
9 inches. For a range not more than 5 feet wide, a 14 x 9 
inch flue will be found sufficiently large. It would not be wise 
to make the flues in the reception-rooms of a house too large, 
else the volume of air sucked out will reduce the internal pres- 
sure unduly and cause the fires in the rooms upstairs to smoke 
and probably one of those on the ground floor when three or 
more fires are going at the same time. A living-room 30 x 
20 feet should have two fires with g-inch flues, hut if one fire 
only is provided the chimney should not be less than 14 x 9 
inches. A g-inch flue will do for a room 20 x 15 feet, pro- 
vided the length of tlie chimney is not less than 35 feet. 
These remarks in reference to the sizes of chimneys are made 
because the flues are the chief outlets for vitiated air from the 
rooms, but they are also given because the question has not 
been nnuch dealt with by other writers, and the author has often 
been asked for the information. In designing offices or flats 
the rooms which conveniently form suites of two or more 
shouM not have flues greater than 9x9 inches unless all the 
rooms are more than zo x 15 feet. If three rooms form a 
suite and one of these is 30 x 20 feet it is far better to make 
the three flues 14 x g inches, although one office is only 14 
feet square if the two smaller rooms open into the larger onfc 
If the larger room has a flue 14 x g inches and the two others 
9x9 inches, and it so happens that one of the small rooms 
has its flue in the outer portion of the stack above the roof, 
whilst the flue of the large room is between two flues right lo 
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the top, the small room will be almost certain to smoke. A 
plentiful supply of air should be provided, but if the three 
offices are not above the second floor and no room exceeds 
20 X 15 feet, 9x9 inch flues will do, ail the offices having 
suitable grates and if possible a ventilator in the chimney- 
breast. 

In reference to a flue smokirtg because it has too many 
bends {^), very few such chimneys are made now, but some 
arc found, which, in addition to the bends, are roughly and 
badly made^ the consequence being that the smoke makes its 
way up very slowly — these are sluggish chimneys. The prac- 
tised hand will know that something is wrong wkh the flue after 
he has opened the doors and windows and carefuHy observed 
the effect. The result and behaviour of the chimney will be 
much the same in the case of (c) where there is a decided ob- 
struction and narrowing of the passage from 9x9 inches to 
9x4 inches perhaps. This chimney smokes worst in windy 
wither, but after it has been swept & fortnight it begins to give 
trouble, and subsequently more or less repeatedly. The smoke 
passes slowly up the chimney, and the top of the fire long after 
the tarry matter has been removed from the coal never gets 
bright red, but is somewhat black, showing that the products 
of combus.tion are not removed quickly enough to furnish fresh 
air. Rooms with such flues are close and stuffy with insuffi- 
cient air moving. In the case of {d) very little can be done to 
improve the flue perhaps, but if the grate is not suitable and 
the air and smoke passing up are too cold, a grate which will 
send a hot current of smoke up the chimney should be flxed, 
and will give good results. It may also be advisable to place a 
tall chimney-pot upon the mouth of the flue if that is below 
the roof or in a position upon which the wind has much influ- 
ence. In the case of {c) the same treatment as {i) received may 
relieve the situation if ihe flue is swept frequently. There is 
nothing like going to the root of the trouble at once, however, 
and there is no question that having found by a round iron ball 
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let down from the chimney-pot, or hy the sweep'^s brush failing 
to get through^ that an obstruction exists at a given point which 
has been carefully measured, a bole should at once be knocked 
mto the flue at5d the obstruction removed, If tlie flue was 
otherwise good the cure may be perfect, but in any case it ia 
the most sensible thing to do first. The author met with a 
block of flats which had obstructions in the chimneys at nearly 
every carry-over bend, and this drastic treatment was adopted. 
and proved most successful. 

With regard to {i) it rarely happens that flues in the outer 
walls are found in houses which are attached, because tbe 
chimneys are carried up in the inside walls. It is in detached 
and semi-detached! villas and houses that they occur chiefly. 
These outer wall flues should be avoided in all cases where the 
architecture will permit, for the following reasons. Whether 
the walls in which they ate carried face the north or south, east 
or west, the ventilating power of the chimney will be seriously 
impaired in consequence of the wall being outside and cooled 
by the atmosphere. Internal walls are warmed by the fires in 
the house and by illuminants, hence the smoke in the chimneys 
loses less of its heat in travelling from the lire to the mouth of 
the flue, and the ventilating power of such a chimney is rela- 
tively greater. When the wall faces the east or the north, and 
the wind blows upon unsheltered buildings, the ventilating 
power of the flue in such a wall is reduced to very small pro- 
portions, and so low that a sudden gust will overturn the current 
in the chimneyj and cause much smoke trouble and nuisance. 
The very finely divided soot deposited in such chimneys, occu- 
pying so much space, soon fills much of the 9x9 inches of 
the flue, and the friction which the air encounters in passing 
through the constricted flue i& nearly equal to the ventilating 
power left in the chimney by the cooling action of the air out- 
side. These considerations show how probable it is that such 
chimneys will smoke and that avalanches of soot will frequently 
tumble down, whilst the various forms of tubes and cowls fixed 
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upon them indicate bow real is the lack Of '* dnw " or ventiht* 
ing power. Unfortunately there is not only a lack of velocity 
in the column of smoke ascending the chimney, but the room 
itself cannot be other th^a badly ventilated when the Rre is so 
fr^usit]y on the point of smoking and so little air ascends the 
chimney. No chimney-breast ventilatot can be fixed neai the 
ceiling with any certainty of action, but such a rentilator should 
be jSseed^aoi one of the self-acting type which will nevei work 
in a chimney so cold— but one which can be Opened by the 
occupants when the fire " draws " belter, and shut closely when 
things are at their worst. 

It has been mentioned more than once that the ventilating 
power of a chimney is usually proportional to its length, but 
this truth is less manifest in the case of cold chimneys than 
with flues in other situations. Stitl, however,, when the bedroom 
chimneys are used it is found more difficult to prevent smoke 
trouble with these than with those iVom the reception-rooms 
downstairs, and gas fires are frequently adopted to overcome 
the difficulty. The want of "draught" in these short, cold 
tlues and the fact that the air in a house is under slight tension 
causes the products of the gas combustion to pass into the 
room much as the smoke does when the Are is lit, and the use 
of gas fires under such flues is decidedly unhealthy. If a bed- 
room fire whose flue is in the outer wall is lit during the day 
when the fire is burning in the room underneath, the bedroom 
fire usually smokes with the least provocation^ and if it does 
not, it shows that the bedroom grate sends a hotter current of 
smoke up the chimney, and such grates alone are suitable for 
these bedrooms or any other rooms on the upper floors. If 
the chimney in the outer wall happens to be damp as well as 
cold, the ventilating power is still further reduced, and more 
care is necessary to prevent smoke trouble. The tenant should 
always remember that an exposed chimney must be very cold 
unless warmed by the fire, and when the night has proved 
severe, and the fire has gone out early, the Inside of the flue is 
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not much above the temperature of the air outside. If the 
temperature outside rises suddenly and considerably just before 
the fire is lit m^uch smoke issues into the room. In the spring 
and autumn when the temperature of the air is above 45° there 
is also trouble in lighting these fires, especially during damp 
and rainy weather. A blower for temporary use will enable 
the housemaid to light the fire more easily, but during bad 
weather, if this blower is placed before the fire, the waste of 
coaS is so great that it cannot be recommended with much con- 
fidence. A blower should be capable of adjustment and form 
a part of the grate. The top of the grate should be adjustable 
also, that as high a velocity as possible might be obtained at 
that point, then it will not be so easy to bring the smoke back 
into the room when the wind exercises suction upon the outside 
of the windows. 

Referring again to the lighting of fires whose chimneys are 
either cold or smoke frequently, n is not wise to burn a news- 
paper immediately under the flue as is sometimes done, unless 
the chimney has been very recently swept, else the latter might 
be set on fire, but an egg-cupful of paraffin oil poured over the 
top of the coal and set on fire, first, will generally start an up- 
current in the chimney and greatly aid in lighting the fire. 
When a room is in want of air, the fire gives some trouble, 
even though the flue is in an inner wall. The opening of a 
window will stop the fire smoking when it is lit, unless the 
wind is troublesome, but as the soot in such chimneys is very 
bulky and finely divided a newspaper should not be set on fire 
above the coals. If the fire is refractory a little paraffin oil or 
methylated sipsrit will generally succeed best- 

The question may be asked : " Why is it that some chitn- 
neys in the outer walls seem to have good ventilating power?" 
The reason is usually manifold. The wall is facing a warm 
quarter, or sheltered if facing east or north. No jerry-builder 
has been at work and the materials are good. The bricks are 
dry in character and non-conductors of heat. The mortar was 
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made with washed sand free from chloride of calcium, and the 
joints well filled and pointed. Some of these reasons may have 
been the results of accident, but they count notwithstanding. 

The next consideration is how cold and smoking chimneys 
can be cured. After reflecting upon what has been stated 
already, it will he seen that the almost universal practice of 
trying to cure the mischief with a chimney-pot is not either 
a cheap or wise method of procedure. It would astonish 
many readers did they know how many kinds of chimney-pots 
had been fixed upon some chimneys, and the author once met 
with a case in which the maker of every known pot was asked 
to send his speciality for trial, and if it answered it should be 
adopted. No pot answered, because it was ntfi a guesihn af 
ehimney-pQt at all. The same may be said of some cold chim- 
neys in situations where the wind exercises much suction. It 
is not an uncomiaoii thing to find iron tubes 6, lo, 15 and 
even so feet high which have been fixed upon Fuch chimneys, 
and Fig. iz is a case in point evidently. This sketch was 
taken by the writer, and shows to what extent the lengthening 
of chimneys has been carried. The iron tubes are ornamented 
with rings and are zo feet in length. They are fixed as shown 
to a house of considerable size at one of the seaside resorts on 
the south-east coast. 

The cowl-setter could scarcely be expected to know much 
about the physical laws which bear upon such chimneys, nor is 
the owner of such a house wise in calling in a man who under- 
stands so little about the matter. Much more unwise, surely, 
to let him erect iron tubes fixed to the roof by iron stanchions 
and so frightfully unsightly, whilst a sura of money large enough 
to provide suitable and handsome grates which would cure the 
trouble permanently has been thrown away. Let it be clearly 
understood, however, that the value of a good chimTiey-pol is 
fully appreciated. These cold chimneys require the top of the 
flue to fae well clear of the roof, and a good chimney-pot which 
will prevent undue wind suction will be found necessary as a 
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help and adjunct to the l>est grate if the chimney is a refractory 
one. A good chimney-pot is necessary, therefore, but if the 
grate ia unsuitable it should he first replaced hy one which will 
send the hottest current up the chimney^ Convmon-sense 




SMOKY CBIMNEVS. 



9S 



I 
I 



without any satisfactory resutl being obtained. Ttieo the coal 
bill with unsuitable grates is lamentable^ and there is nothing 
like fixing a proper giate at ome. 

Much has been ^d about cold chimneys, so much so that 
the reader may conclude that if he will have a house built he 
will have none of them. The real cause and cure of these 
irouble^me chimcieys are so little known that it has been 
thought wise to thus treat the matter in detail, and when it is 
stated deGnitely that these cold chimneys are the Ix^es of vitla- 
dom the wisdom of so dealing with the subject may be ad- 
mitted. In order that the client for whom the house is to be 
built may know how such chimneys ought to be constructed so 
that they shall not give smoke trouble, the following remarks 
may be acceptable. 

It is recommended that there should not be any projecting 
jamb on either side of the chimneys in the &uter wnll, because 
the action of the atmosphere will be upon a so much larger 
surface. Let the bricks be pressed if there are to be jambs, 
and sound, hatd and of a dry nature in any case. It ts most 
important that no sea-sand shall be used in the mortar, and let 30 
per cent, at least of cement be mixed with the mortar in build- 
ing the outside of these chimneys. Nine-inch brickwork with 
50 per cent, cement and 50 per cent, mortar and fine sharp 
sand should be used wherever the slight additional expense is 
not an objection. See that the flues are carried up above the 
roof, and that chimney-pots which cause a drag upon the smoke 

• and prevent down-blow are provided. Lastly, and most par- 
ticularly, see that grates smtable for suck (himntys an fixed, 
and then neither the architect nor the client need fear that 
there will be smoke trouble. Note the position of the ground^, 
H whether the winds will have much influence, and if there are 
to be flues in the outer walls against which the cold winds will 
strike with much violence, 9-inch brickwork is indispensable. 

I Having considered defective flues* defective chimney-pots 
will receive attention. It will be best to point out the physical 
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action of the wind upon them, because the general impressions 
upon the minds of those whose business it is to cure smoky- 
chimneys are usually erroneous. It mast be admitted, however, 
that these impressions were formed and fostered by the inventors 
of chimney-pots, who stated that their pots " induced up-cur- 
rents in the chimney and prevented the wind blowing down ". 
It has been stated already that the wind does not blow down 
chimneys unless they are immediately under walls or portions 
of other buildings a.;;ainsc which Ehe wind can cause the air to 
press with a greater force than that expelling the smoke in the 
chimney. The action of the wind upon chimneys in depressed 
areas and upon roofs above the (ronts of houses upon which 
the wind impinged after leaving open spaces has been men- 
tioned in the last chapter. 

As the action of wind ' upon chimneys generally was made 
the subject of experiment and research by the author, It may 
be referred to here more particularly. It has been long known 
that if the wind travels over the mouth of a pipe or tube open 
at both ends, much air is drawn out of the tube. This is in 
keeping with the law that moving bodies induce movement in 
those which they encounter, just as a billiard ball moves the 
one it strikes, and inventors of chimney-pots inferred that air 
behaved like the billiard ball, so that a wind blowing against the 
louvre ring of a wind-guard was not only deflected upward but 
caused the smoke to be sucked out at a greater rate. For- 
tunately for the chimney the physics of the inventor were at 
fault, because if the action of the wind upon the rings and 
vents of chimney-pots was to aspirate additional air to what 
was drawn out by the wind passing over the surface of the pot 
at these points, the mischievous effects of the invention would 
be potently manifest. The cowl and chimney-pot inventors 
never thought for a moment that too much air and smoke 



' The results were cornmuTiicated to the British Association at tlieir 
Bradford Meeting in igoo and pioved by experiments with a laige modcl> 
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was being drawn out of the chimney, as will be manifest to any 
one glancing over the specifications of these patents, which all 
claim increased aspiration as the result of the pecuUar con- 
struction of the cowl. Noc did it strike them that air was 
elastic^ that it could be drawn out and expanded like a thread 
ofindiambber, and that it would, like the rubber thread, snap 
back the instant the tension was released. This is jtisC what 
happens when a strong wind is blowing over the top of a 
chimney, and there is a sudden lull in the blowing. If the 
room is small with little window space and the door and 
window are shut, the air supplying the fire has to come in 
through such small crevices that It meets with much friction. 
The top of the chimney being relatively large and the velocity 
of the moving air being more than three times, perhaps, that 
of the Emote in the chimney, the wind draws air and smoke 
out of the room underneath quicker than air can get in around 
the door and window to supply its place. A partial vacuum 
greater than usual is formed in the room, and when the wind 
ceases to blow for an instant the increased vacuum in the room 
must be satisfied. As air cannot get in through the crevices 
without encountering much friction, the smoke is drawn down 
the chimney to supply the place of the air sucked out, and thus 
a smoky chimney is formed. A good chimney-pot h primarily 
a wind baffisti therefore^ iinUad of d imoki aspirafor, but the 
inventor should aim to produce a pot which as the gust of wind 
ceased would tend to hold the smoke for a moment at the top 
of the chiraneyf so that some air can get into the room below 
before the down current begins to descend from the top. 
This is a great point in selecting a pot for a cold chimney. 
A lobster-back cowl, if it were of permanent material and 
not subject to auch intolerable noise, is an excellent cowl to 
give this final drag to the air before the snap back occurs, and 
allow time for some air to get into the room, so as to prevent 
the snap back occurring at all. Unfortunately, however, during 
gusty winds the battering of the lobster head is so erratic that 
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the mouth cannot be kept away from the wind, and the full 
force of the wind drives downward at intervals. All cowls and 
contrivances having tails to cause the wind to keep them in the 
required direction are open to the ^ame objection, for gusty, 
choppy winds twist them round the compass. An ordinary pot 
without any baffle allows the wind to aspirate greatly and is the 
cause of many smoky chimneys. It may happen, and does in 
many cases, that the flue of one chimney carried up in a posi- 
tion which the wind sweeps over with freedom, draws so greatly 
upon the air in the house that other chimneys less favourably 
situated are much weakened and some smoke. The smoke 
curer immediately turns his attention to the weak or smoky 
ones, but a man who understands his business 
will prevent wind aspiration at the mouth of the 
exposed chimneys. A chimney-pot of the simplest 
form may be quite effective in some positions, and 
the best pot to baffle the wind may be less effec- 
tive under the circumstances. For instance, if the 
ground is level and the tops of the houses are 
-^^ __,, level, ordinary plain chimney-pots like Fig. 13 may 
mofl Chiainey- be all that is required, as there are no smoky 
^'' chimneys, the grates being reasonably suitable. 
It must not be forgotten, therefore, that such chimney-pots 
are the most useful under the circumstances, because as the 
wind blows over them more air is aspirated out of these pots 
than would be the case with a wind-guard, Fig. 14, with a pot 
having a cone top, Fig. 15, or, indeed^ with nearly all the pots 
on the maiket. The houses referred to are generally low and 
occupied by artisans. When one has to deal with high chim- 
neys such as are found in ofifices, flats, etc., then pots are 
required which prevent wind from aspirating, and which 
check the Row of air and smoke. For an exposed position on 
the top of a hill where the wind twists the lower air upwards, a 
pot is required which baffles the wind and at the same time does 
not allow the chimney to be unduly aspirated during the bouts 
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of upward wind suction. It is best in exposed situations to 
have good pots, but to aroid those which do not permit the 
wind to aspirate enough in moderately calm weather. 

Every one will admit the benefit of having a chimney-pot 
which will draw air when the wind blows over it, as with a y&i' 
tilator io the cbimney-br^t the vitiated air in a bedroom would 
be removed at a greater rate than if there were no wind suctioti« 
but a pot should be provided which, as before sho«tii» will 
oppose the snap back mentioned above, else when a fire is Ut 
in the bedroom it wiU be liable to smoke. 

The kind of chimney-pot required depends therefore upon 
the situation where it is to be placed, and the selection of the 




FiG. 14.— Wind-giiani 
Chimney-pot. 



Fig. 15. — Cboe-topped 
Chinmef-pat. 



right pots should not depend upon chance or guess-work, but 
upon a knowledge of the physical conditiotis which are involved. 
With regard to the defects in grates which cause smoky 
chimneys, the remarks made here will be general rather than 
particular, as the grates will be mentioned again when the heat- 
ing is under consideration. A grate is defective when it allows 
too much cold air to ascend on either side of the flue over cold 
hohsj perhaps, or above the fire, owing to there being too much 
space between the top of the fire and the commencement of the 
chimney. Grates of this kind are very troublesome when fixed 
in small houses divided into two flats, especially when the flue 
is short or below the ridge of the main roof. A sheet of iron 

7 
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hanging down 8 or u inches below the matttel in front helps 
to shorten the space above the fire, and if there are hobs, & 
sheet of iron, hke Fig. i6, bent round to the back of the manteK 
and with a hole just above the fire for the air and smoke to 
pass through, is t\\c best provision. This with a good chimney- 
pot and a. supply of air by means of a ventilator in the wall 
ought to prevent the smoke trouble. If smoke trouble is caused 
by an old pattern range which has no canopy to draw over the 
fire when it is open at the top^ and there is simply a damper 
for the smoke to ascend through at the top of the range, an 
iron canopy arrangement fitted, like Fig, 17, just over the fire, 
as near to it as the kettle and saucepans will allow, is about all 
that can be done unless the chimney-stack can be raised or a 



Fia. 



16. —Sheet Iron to Cbsc Opening 
ntitjve Orale, 



6-faot chimney-pot erected. The canopy can be hinged at the 
top so as to allow it to be pushed to the back of the range out 
of the way. Fortunately this defect in such grates is rarely met 
with in new ranges, although not a few of these could be im^ 
proved in this particular with advantage. Of the very numerous 
grates used for reception-rooms and bedrooms, those which 
waste their heat upon the walls beneath and smoulder so that 
little radiant heat is emitted, are quite unsuitable for cold chim- 
neys, and for short chimneys in inner or outer walls. Grates 
which have sloping backs either of brick or of iron are not 
suitable for cold chimneys, which should have the (ire right 
under the flue. The same remark applies to short chimneys 
generally, and to those on the upper floors in particular. 
of the grates have too much space for cold air at the sides 
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Fronl, and may be benefited if these spaces cnii lie riiitailcd.' 
TTie best cure is a good suitable grate provided wilh n valvr 
arrangement for regulating the volume of air winch Hhnll gri 
into the chiraney-flue and which will do its difTiciLU work in i lie 
case of cold chimneys with the least ex [lends tmc ot fuel. 

The last consideration is in relation to the defect* in tlio 
room nseU, which cause the chimney to ainake. 'rhcH.c arc 
two, and not unfrequently the two occur logelhcr, w/j., a very 
small room and insufficient air to feed the t:hinuiey. Nninntlei' 
how small a room is, the flue is made y x t/ inches bccaunu It 
cannot be constructed smaller, nor is it wiwe to try If llic rooui 
has to be occupied by several persons. Rooms arnallur tfinn 
12 feet square have rarely more than one window, and Lluit In 
not of much size generally, and only one door. 'I'lic uir ^aininu 
access through the crevices around the door and window ii very 
small, hence the air is forced in through the chinkt and undor 
the door at such a high velocity that the draughti are In* 
tolerable, so a mat is placed againai the bottom of iho duori 
indiarubber tubing is nailed on cither Hide, and it Ih mnd'C UN 
air-tight as possible. Because so liulc air gciH into Iho room, 
the smoke ascends the chimney very slowly, and, an beford 
mentioned, the soot is accordingly deposited In ihc most finely 
divided slate, but cemented itonitwlial by the tarry matter when 
the chimney is in the inner walls. The cbimijcy mum geln 
foul and smoke trouble begins. The remedy is to inlrrxtuco 
air into the room partly close to the fire and partly so subdi- 
vided as not to cause much draught; a Shcriiiwham valve 
behind a piece of modern tapestry or any other mcarjH of get- 
ting air which shall not be too apparent by its coldncus. ft is 



^ As an il]usti3.tion of the unsuiubic cluract«T of Mine modern KTgtet, 
and that theae give rise to amoke trouble, it may be mcnttoncc] iltAt (he 
aathgi loviTid on a lecent viatt la Sandringbam that covrl* and lqnj{ lubu 
bad been added to nearly half of the chirnncyi^on the newer i>oiliOri ofthtf 
King:'« residence, with a view to itop the Hit* nmoVing, whilat the chint- 
neys on the older portion of the building were not to disfigured. 
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almost impossible to ventilate such a room without draught if a 
fire is used, hut if the chimney is not to smoke more air must 
be got in. If the flue is high a chimney-pot which prevents 
much wind suction is best for small rooms and a chimney-breast 
ventilator for use when enough air has been supplied for the 
fire to draw. Prevent the kitchen, if there is one close by, 
drawing upon the air in the house, and especially upon that 
which gets into the little room in question, and this is best done 
by giving a separate air supply to the kitchen itself. When the 
room is very small the skirting may be used to much subdivide 
the inlet air> 

It may be in place to refer at this point to the dwelling- 
rooms which are built in our colleg;es for the occupation of the 
students. In Cambridge and Oxford the male students have 
usually a bedroom and sitting-room, the majority of which are 
of fair size. Those which are moderately large, and whose flues 
are not more than 9x9 inches do not smoke— enough air being 
provided; but those which are small and especially some of 
modern construction smoke badly. Some colleges for girls 
provide only one room which is used as a bed and sitting-room. 
In the case of one of these colleges by introducing fresh air, and 
the inlets being so situated as not to be subject Co much air 
suction near the ground, good ventilation by care can be ob- 
tained, showing the possibility of making small rooms fairly 
comfortable. Another college for girls, in which two rooms are 
allocated to each student, but being badly placed as to wind 
suction upon the inlets, and the grates being faulty, the ven- 
tilation requires much watchfulness to make them habitable. 
Where a long corridor is on one side of a number of rooms^ 
and the inlet air is supplied from that corridor, it should be 
warmed by hot-water pipes in the corridor before it gets into 
the rooms, and the air should be subdivided so as to give rise 
to a httle friction and resistance, in order that choppy winds 
may not overturn the column of smoke in the chimney, especi- 
ally if the chimney is short. This subdivision of the inlet 
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cerLainly be overcome to aorae extent, if not altogether, by closing 
the sashes which fit loosely. Care should be taken, however, 
that this closing is not overdonCj and to consider what follows. 
Supposing the window sashes are very loose and that there is ns 
suction of the wind upon them, although the flue in the dining- 
room smokes badly at times. The sashes are closed up, how- 
everj as recommended, to overcome wind suction at the ground 
level, with the effect that the fire smokes much worse : what i& 
the matter ? There ls a door on one side leading to the kitchen, 
perhaps, and a serving hatch through the wall. When both of 
these are shut the dining-room fire is all tight, but smokes 
when either is opened. Or it may be there is a fire in the 
drawing-room and billiard-room, and these rarefy the air in the 
house too much. The remedy in the case of the pull on the 
air from the kitchen is to be found in opening the kitchen win- 
dow or the ventilator in it, and thus supply the air which the 
kitchen requires. In the latter case see that a bedroom win- 
dow or a window on the stairs supplies atr to feed the hall and 
the fires in the rooms leading from it. Unless reasonable 
common- sense is exercised, good chimneys will stuoke for want 
of air, 

A very frequent cause of smoky chimneys has not been 
mentioned yet, viz., the accumulaiion of soot either through- 
out the length of the flue or most generally in the upper lo feet 
thereof. Chimney stacks badly built facing the prevailing winds 
become damp, and the soot hardens and cakes, perhaps for a 
length of lo feet or more near the upper end. If the sweep 
simply forces his brush up to the top without property mov- 
ing it back and fore to scrape away the soot, and this is damp, 
it simply forms a paste which hardens and contracts in dry 
weather. After some years the flue will be much constricted 
and begin to smoke very soon after it is swept. An instance 
came to the knowledge of the author in which the pasting up 
of layers of dani[} soot not only much constricted the iiue near 
the top, but the louvre rings of the wind-guard-pot on the flue 
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were actually so plastered up with hard soot that the spaces be- 
tween ihem became one solid mass. There are honest chimney- 
sweeps who do not scamp their workj and there are others who 
will get the best of one if it is possible. The author ordered 
a sweep to do tea chimneys and waited for biai lo turn upt 
Directly the author left, the sweep appeared, did two in some 
fashion and claimed for the ten. It is most essential, therefore, 
that the tenant, the tenant's wife or some trustwofihy person 
watch the sweep a.t work, else it is probable that the upper por- 
tion of the flues will not be touched, with a view to his being 
sent for again before long. 

There is no doubt whatever that the tendency of the house- 
wife is to leave the chimneys unswept as long as possible, and 
if the flues are good this is especially the case. The reason 
IS not to avoid the expense^ of course, but to get rid of the 
nuisance and dirt which the sweep makes. A decent sweep 
wiU not make much mess, and when the tenant learns how 
important it is that the flues should be cleaned regularly 
and thorougbly^ the objection will be overruled. In London 
where so much highly bituminous coal (Wallsend, Silkstone 
and the like) is consumed, the flues in every living-room should 
be swept at least ftvice a year. By living-room is meant that 
room in which a fire is lit every day in winter. If the drawing- 
room fire is lit only once or twice a week, once a year will do, 
although it should not be forgotten that more soot is deposited 
in a cold chimney than in a warm one. If the "draught" of a 
chimney in the inner wall is sluggish through some defect in 
the flue, much more soot will be deposited than in a chimney 
with a strong draught, and it will be wise to sweep the chimney 
every two months during fires. The largest quantity of soot 
and the bulkiest for its weight is deposited in cold chimneys in 
the outer walls, and if the chimney is very cold and the venti- 
lating power very low> it should be swept at least once in two 
months, whilst an excessively bad example may be improved if 
swept every six weeks. The tenant of the house willr very 
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possibly, be glad to know that a suitable grate will much im- 
prove matters, but with the best grate the cold flue must be 
swept twice a year — the first time early in January and again 
after fires have been given up in May. 

The tenants of houses having somewhat small living-rooms 
experience a close, heavy atmosphere in the spring-time, especi- 
ally after the gas has been lit for a little while. This close and 
distressing feeling is not so much due to the heat as to the 
want of more air moving. If the chimney was swept, as too 
often occurs, in May of the previous year, some eleven months' 
deposit of soot has taken place, and the 9x9 inch flue is so 
constricted that the volume of air and smoke passing up is very 
small indeed. Had the flue been swept twice a year and the 
first time in January, considerably more room would be left for 
air to travel up the chimney in the spring months, and the 
room would be so much healthier to live in. Surely this last 
consideration ought to be enough inducement to have chimneys 
swept regularly ; but do not forget that the ancient Briton who 
stood outside his house watching the advent of the sweep's 
brush through the top of the chimney-pot, not once only, but 
repeatedly, was'a sensible fellow. 



Wa« a heat ? — "-A oaoij^ «>^ i»i^w>a." Wfe»ftt % ^4(i>*j«^uik bt^ 
absorbs baeac tc i^ 3ciSttt]»^,t chac iti aK>ll^.Hll(^ ^^^ >tts>)i^. KMf^ty^ 
asoxfef^ aad rfut theit csti>i«J)*y u*' iwotivw a s^gii^uh^atvst- tl^NKi 
ncrcased Yctocity vi tb^ ta<th^-\t}xt<i is ay* fewj^t b*A« ^K«? <?tM 
wtucfa pi;rv3ct>» aU *pac« v\>il«fct* p*r* \>i (fcnf <Mi<^v v4 )^^^o^ 
and sends it fonraiiti rixruo^ tt^ owtk oMabi m « ^i^^^ w Wt^vv^t 
or onduIackM;^ cottwftooly tttown »* wUk*o( h^l» *M ^(^\vii*>^ 
iS6s.QOQ mites per s«co»d. 'Jtw? ^vxa^y <^ w.»«K>4^ iwjUHtWst *s* 
a body by heat <k>es w>t Nxxitae ftwait^t ft> (tv«? i?iM <^i> ««v^^| 
heat until the atooos cothtii^ with \m>«^ aii>i^ht^ of wii^h thtf^ vv)<^ 
cootaimo^ the heated liiquid or k«^ Mtw^ £f^M th<^ iKx^^ a^ 
fapMlity of these impacts, the hi^h« wiU b« th<? (Mivh vmi i^i^^v-- 
sity of the heat tone, the shorter wiU W th<^ \p\%\'i\ tM thi^ wi^vi?* 
or undulatitms, and the greater witl W \\\<^ di^ln^nv^ thAl ^h^ 
radiant heat and light wiU be nwint^t ft^w \\y^ UoUy whivh 
gives rise to it. lite maaa of the ^un oontiits of mol^Ml^ 
moving with very high velocity* and the ewepgy ^ *hi?W \\\\\m\ 
gives rise to vibrations which are visible to u» M yth\\p \\^\\U A% 
the radiations of heat and light paa» through thi^ out<^ ^nvi^ti^ 
of gases and vapours surrounding the *w\ moi^ or Na Tft^Mnt 
energy having waves of greater length \% formal and ^h^t» «r^ 
carried forward by the shorter waveM, and to^^th^f pwXpx qw 
atmosphere practically unchanged and unftbsofbed wntil (h^ 
zone of perpetual snow ia reached. Some, tf not All. of tht> 
longer wave vibrations are absorbed by the air am radiant hMt 
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after reaching the area of snow, and long before they get to the 
surface of the earth and sea. This conclusion is at variance 
with the information given in books on heating. Dr. Billings 
says : " Radiant heat . . . does not appreciably heat Che air or 
gases through which it passes ".^ This hardly agrees, however, 
with the following ; '* The fire-place or open grate la the only one 
which really heats entirely by radiation, the greater part of the 
heat furnished by stoves and radiators being convected ".^ Dr. 
Reid said : *' A common fire heats an apartment almost solely 
by radiation, excepting the influence of the flue upon the wall ".^ 
This statement is contradicted on the next page, where it is 
stated : ** The great object with all ordinary fires is to heat the 
floor. If this be accomplished it moderates the severity of cold 
air there, and the upper portion of the apartment is warmed by 
the ascending currents that are immediately developed." Dr. 
Parkes said : " Radiant heat heats the body without heating the 
air *'. These statements have been made forgetting that radi- 
ant heat is emitted by bodies at all temperatures, and under 
the assumption that heat radiations vibrate at the same rate and 
that the waves are of equal length. Referring to what has been 
stated, heat rays which reach the surface of the earth appear to 
be almost entirely visible, and these pass through the air with- 
out being absorbed to much extent^ but it must not be forgotten 
that the last particle of floating dust in the atmosphere which 
the sun's rays encountered before reaching the earth absorbed 
a little of the visible radiations and gave rise to some lower 
tones of heat So far, therefore, the statement that radiant heat 
does not heat the air appears to be correct. This is only true 
in reference to dry air, but even then not altogether so, because 
there is no perfectly diathermanous * body. The mistakes made 



• Ventilation and Heating, p. ara, "^Ibtd,, p. aij. 

"^ Illiistraticni of Vintilation, p. sag. 

''Substances which allow radiations to pa$s ithroug^b them are tinned 
diathermanCrus, those which do not allow radiant heat to pass through 
tbem without beijig themselveB heated are called athermanous. 
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in the passages quoted are chiefly due to a confusion of terms. 
AJl bodies radiate as well as the sun, but radiation is not heat, 
nor does radiant energy become heat, until it is absorbed or 
stopped in its progress. Qerk Maxwell points this out clearly. 
He says : " We shall see that the phrases radiation of heat and 
radiant heat are not quite scientifically correct, and must be 
lised with caution. Heat is certainly communicated from one 
body to another by a process which we call radiation, which 
takes place in the region between the two bodies. We have 
no right, however^ to speak of this process of radiation as heat. 
We have defined heat as it exists in hot bodies, and we have 
seen that all heat is of the same kind. But the radiation be- 
tween bodies differs from heat as we have defined it — first, in not 
making the body hot through which it passes ; second, in being 
of many different kinds." ' The heat energy radiated from the 
sun which reaches the earth does not heal the air through which 
it passes most certainly, the heat energy which was radiated 
from the sun and entered the earth's atmosphere but was gradu- 
ally absorbed before it reached the earth's surface did heat the 
air. The red, yellow and orange rays visible to the eye are 
absorbed very appreciably by moist atr, and the aqueous vapour 
present in the atmosphere is generally sufficient to ensure that 
this result shall follow. But even in moist air white heat vibra- 
tions pass without being absorbed, intercepted or heating the 
medium greatly. The lower the actual temperature of the 
object emitting the rays, the more of ihem are absorbed by the 
air. It is well known that there are heat rays which are invis- 
ible and which the thermometer shows us are less in,tense than 
those which are visible. The beat radiations from a body above 
100^ F. are usually manifest to the sense of feeiing, but this is 
only 50 because the temperature of Che human body is nearly 
ioo" F. It is probable that a temperature of 60" may feel 
warm to the fish. The absolute zero of tempeiatLire is below 



' Theory of Heat, pp. 15, 16. 
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- 156° Centigrade, the lowest temperature actually reached. 
There the heat rays are either non-existent or incapable of 
absorption; but above the absolute aero they are both ab- 
sorbed and radiated by and from bodies of different tempera- 
tures. A lump of ice, thereforcj immersed in liquid hydrogen 
would be a powerful radiator. Some writers have shown by 
octaves or steps the number of vibrations due to sound, heat 
and light, and how the wave-lengths vary from many feet in the 



case of the lowest sound octave to 



of an inch in the 



Go.oao 

middle violet of the visible spectrum.^ What concerns the 
student of heating is the fact that between the nth and 44ih 
octaves there is a wide rangfe of tones or rays of energy. It is 
assumed with reason that between the isih and joCh octaves 
the rays of energy are electric. The thermopile shows us that 



* '* We find the G of the lowest octave ia mad? by 49^ vibrations. If 
we C3.L1 this Ihe beginning of octave No. i, the G at the beginning of 
octave No. 2 has gg vibrations, No. 3 ia produced by ig3. No. 4 by 356, etc. 
The Gatth^beginniitg pfthe 10th octave is foj-nied by 23,344, and the nth 
by 5D,6S8. But this rate is too rapid to make ajiy ina)iiegsioii <m our ears, 
probably because each succeeding vibiation iciiches the drum of the ear 
befoce the one preceding ii has had time to produce an effect. The re- 
sult to ihe ear is silence, but the vibration^ may go oi\ all the same, 
doubling ill number for each octave. When the beginning of the 30{li 
octave is reached, the G wilt be rormed by 25,932,256 vibrations per 
second. The 30th octave takes in round numbers 26,575,000,000 vibra- 
tions, the 40th 27,212,800,000,00!?, and the <|.4th required 435^ ttillions at 
^he beginning and 87i,ooo,ooO|DOD,ooq at the end, or the beginning of the 
45 th octave. 

"TheG at the beginning of tb^ 44th octave makes Itsimptessian upon 
us through the sense of ^ighC^ giving the sensation of that colour which a 
met^ takes on when heated to redness. If the heat be increased the colour 
of the metal will change to blight red, then yellow, and with imimations 
of greenish and bluiBh tinges finally become white. In paesing through 
these phases of colout It haa, in reality, pa^ed through different states 
of vibration, the final white colour representing aimultaneoys vibrations 
of all the notes in the 44th octave, ftom G to (3" [Thi Hynamic Theory, 
p. 382). 
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- *56° Centigrade, the lowest temperature actually reached. 
There the heat rays are either non-existent or incapable of 
absorption; but above the absolute zero they are both ab- 
sorbed and radiated by and from bodies of different tempera- 
tures. A lump of ice, therefore^ immersed in liquid hydrogen 
would be a powerful radiator. Some writers have shown by 
octaves or steps the number of vibrations due to sound, heat 
atid light, and how the wave-lengths vary from many feet in the 



case of the lowest sound octave to 



of an inch in the 



(^0,000 

middle violet of the visible spectrum.^ What concerns the 
student of heating is the fact Shat between the nth and 44th 
octaves there is a wide range of tones or rays of energy. It is 
assumed with reason that between the 15th and 30th octaves 
the rays of energy are electric. The thermopile shows us that 



' " We find the G of the lowest octavc is made fay ^gj vibfations, If 
we cal] this the beginning of octave No. r, the G at the beginning df 
octave No. 2 has 99 vibifations, No. j is ptodluced by 19S, No. + by 3^, etc. 
The a at the beginning of the loth octave is formed by 25,344, and the nth 
by 50|683. But this rate is too rapid to malte amy impression Ort out tiiA, 
pfobably because each succeeding vibration reaches the drum of the ear 
before the one preceding it has had time to produce an effect. The re- 
sult to the es.T is silence, but the vibratLons may go on al] the same, 
doubting ill number fgi each octave. When the beginning of the 20th 
octave IS reached, the G will be formed by 35,952,256 vibrations pet 
second. The 30th octave takes in round rtumbere 26,575,000,000 vibra- 
tions, the 40th 27,2i2,Soo,oQG,ooo, and the 44th lequiicd 435^ trillions, at 
the beginning and 871,000,000,000,000 at the end, 01 the beginning of the 
45th octave. 

"The G at the beginning of the 44th octave makes its impression upon 
us through the sense of sight, giving the sensation of that colour which a 
metal tskes on wb^n heated to redness. If the heat be increased the colour 
of the metal will change to bright red, then yellow, and vi'ith intimations 
of greenish and bluish tinges Anally become white. In passing through 
these phases of colour it has, in reality, passed through different states 
of vibratiOHr the final white colour representing simultaneous vibrations 
of all the notes in the 44th octave, from G to Cr" {The Dynamic Theory^ 
P- 3S2). 
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heat tones of so low a temperature as to be invisible to the eye 
and insensible to the thermometer are converted into electric 
energy. Again, the velocity of electricity and radiant heat 15 the 
same. There is* therefore, a great difficulty in determining 
where electricity ends and radiant heat begins ; but, just as it 
is kaown that the wave-lengths of electricity are longest where 
the number of vibrations per second is least, and ihat electri- 
city passes through the air and non-conductors generally in- 
versely as the length of its waves, it is evident the behaviour 
of radiant heat and electricity is strikingly similar. Whether 
radiant heat covers a range so wide as from the 35th to the 
45th octave is a question that will not be discussed, but some- 
where between the 3Dth and the beginning of the 44th octave 
a large number of heat tones invisible to the eye occur. 
The visible tones, red, orange, yellow, green, blue, indigo and 
violeti cover scarcely one octave. The temperature of the 
first visible heat tone — dull red — is about ii.ooo" F., the 
temperature of a white hot body is about 2,500" F., and this 
may be regarded as the maximum temperature which occurs 
in an ordinary open fire, even in winter time. It is the 
heat tones between the temperatures of 60" and 1,000" F. 
which require chief attention, and it is in reference to the 
dark rays, as they are termed, that the conclusions regarding 
radiant beat generally, and particularly as far as they relate 
to the heating of our dwellings or public buildings, are seen 
to be erroneous. What are the dark rays and how are they 
formed? The dark rays are lower tones and, possibly, in 
some cases, lower octaves of the visible rays, but they are 
not usually formed directly from the visible rays themselves. 
The rays of the sun fall upon the earth's surface and are 
more or less readily absorbed according to the nature of the 
material. Metals are good absorbents, but polished surfaces 
reflect the heat rays as they do those of light, and, consequentlyj 
do not become so hot as those which are not polished. A dead 
black or a polished black surfece absorbs both the visible heat 
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and light rays readily.* When the light rays are absorbed by 
black surfaces they are reduced to lower heat tones. The heat 
rays of the s\jn (all of which, it will be assumed, are visible) 
are absorbed, and they first appear as molecular energy— re- 
arrangement of the molecules of matter in the case of solids or 
the greater velocity imparted to them in the case of gases — 
and this increase of energy at once shows itself in Ehe vibrations 
formed in the ether. The heat tones absorbed from the sun 
are all iocluded in the 44th octave, and are visible lo the eye 
as white rays of light, and they are emitted from a body above 
1,000" F., but the temperature of the absorbent body after 
being exposed to the direct rays of the sun may, probably, not 
exceed 100" F. This body— an iron gate^ for instance — would 
at once begin to send out radiant heat^ but neither the number 
of vibrations per second nor the wave-length of those vibrations 
would be the same as those which fell from the sun upon the 
gate. The vibrations per second would be much lower, and 
the length of the waves increased considerably. The radiations 
from a body loo'^ F. appear to pass but a short distance 
through the air, and, unlike the visible ray^ they are easily 
absorbed. The distance at which the low tones of heat are 
felt from a body 100" F. is regulated partly by the amptilude of 
the vibrations. If the radiated waves are reinforced by others 
having the same length, so that the crest of the one wave cor- 
responds with the crest of Che other, the amplitude is increased, 
and these vibrations should be felt at a greater distance from 
the radiator. On the other hand, however, when one wave is 
passing and another of the same length is travelling with it 
having its crest coinciding with the hollow of the first, the 
amplitude is greatly decreased. It may be inferred, however, 
that the decreases exactly neutralise the increases in amplitude. 
Lamp black and black matter generally which absorb the lumi- 

1 The author has frequently noticed how the polished black iron base 
of the fender wlH burn the band whilst the polished biou fiire-irotis can 
be held easily. 
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Dons imdiatioas so leadilf and so much better than white sub- 
stances, are less potent in ihe case of diik rvf^ espccwily wbea 
tlie actml temiKiitiiK of the hot bod}- frocn which th«y tadute 
does not exceed xoo" F. Indeed, white lead is one of the best 
absotbents of dark heat. The expeiiraents of Professor Tyndall 
showed that moist air was ca]ttble of absorfaing much dark beat» 
and repeated erpenments by the anther have indioited duit 
when a considerable amount of moisture was present in the air 
it greatly hindered the radiations of heal from a bright red 6re 
being eGTecti^e at a distance of much more than 12 feet The 
experinients of MeUoni are veiy interescing, and show dieaulj 
that the dark rays are entirely absorbed by most substance 
which allow large amounts of risible heal ia>'s 10 pass through 
them. These dark rttys resemble the luminous ones in thai 
they can be refracted and polarised. 

The following are the above conclusions briefly summar- 
ised :^ — 

1. A large proportion of the visible h^i and iightrays from 
the sun reach the sur&ce of the earth, showing that the air does 
not readily intercept vibrations of the 44th octave, or the visible 
heat and light rays. 

2. The visible rays of heat are emitted by matter in the sun 
at a lemperaiure exceeding 1,000^ F, 

3. The visible rays are readily arrested and absorbed by 
most solid matter, and to a certain extent by all matter, but It 
is very rare in Great Britain that the temperature of the material 
which has been subjected to the direct rays of the sun exceols 
i3o' F. 

4. A body at 180^ F. sends out radiations corresponding 
io wave-length and rapidity of vibration to the temperature of 
180" F., consequently the waves are of greater length, and the 
rate of vibration less than in those undulations which come to 
us from ihe sun- In the same way a radiator at 200° K. will 
emit undulations corr^ponding to 200° F., and a stove at 600' 
F. undulations corresponding mih 600'* F,, whilst z> tVeas Swa 
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will send out radiations having wave-lengths and vibrations cor- 
responding with some of those whicti reach us from the sun. 

5. The radiations emitted by a body at a temperature of 
1,000* or less are arrested by moist air somewhat readily, whilst 
the longer the wave and the less the number of vibrations jier 
second the easier the radiations are stopped. 

6. Bodies which emit radiations of a certain wave-length 
have a peculiar aptitude for absorbing radiations having similar 
wave-lengths. 

It will! not be dill&cult to show how these facts bear upon 
the heating of dwelling-houses. In the first place it is noted 
that writers on heating have concluded that radiant hea£, whether 
from a fire or from the sun, is of the same pitch, and that there 
is. no radiant heat, or very little, emitted by a stove, a radiator 
or any other hot body not showing visible heat. Another 
common and most misleading mistake made is to assume that 
the popular material for the hack of grates, fireclay, emits 
radiant heat of the same pitch and intensity as the white heat 
of the fire. Many grates have high backs sloping forward and 
extending far above the top of the fire with a view to radiate 
heat into the room. Fireclay can only send out radiations 
corresponding to the temperature at which it is itself heated. 
The temperature of the sloping backs above the fire of most 
grates rarely exceeds 200" F., and the dark rays emitted by this 
substance are so readily absorbed by the air passing into the 
chimney that such contrivances are not of the slightest value 
Unless it be to render a chimney liable to smoke- Again^ the 
coal used for grates in London and most towns is highly bitu- 
minous, and soot is deposited upon the firebrick sloping back 
only to act as a non-conductor to keep in the bw tones of heat. 
It has been shown already that the sun's rays can heat solid 
matter upon which they fal!^ and that this solid matter can emi 
other heat rays corresponding to the temperature to which it is 
heated- As this is so, it indicates that all solid matter heated 
to a higher temperature than the air in a room must heat some 



H 

i I 
I some I 



HEAT. 



"3 



air by what is usually termed commium, that is, by the ascent of 
the particles immediately in contact with the hot surface. The 
author has repeatedly ohserv^ed from experiments with radiators 
that the air is heated by the direct rays also, and that much of 
the air so heated rises at once to the upper part of the room. 
The currents of air thus formed may rightly be called convedion 
currents. It will be found that the temperature of the air 6 
inches above the floor is appreciably higher than it is 3 inches 
B above the Boor, much higher at 12 inches than at 6 inches, 
^" and the temperature increases considerably as the ceiling is 
approached. All this can be noted when there is no furniture 
to heat by conduction or by emitting dark rays which are so 
readily absorbed, whilst the radiations striking the wall opposite 
heat it, and give rise to other dark radiations which warm the 
air in the immediate neighbourhood, and cause it to ascend 
towards the ceiling. 

From numerous experiments the author has found that lu- 

minotis heat radiating from the fire carries forward lower tones 

which ate easily absorbed, whilst much of the shorter waves 

meet with so much resistance or become absorbed by dark 

^^ surfaces that they are thus reduced to lower tones whose rays 

ths 

■ is, therefore, inaccurate, because it does heat it greatly, and 
appreciably, even when the temperature of the outside air is 
high and below 32° F. If any one doubts this, let him check 
the volume of air going up the chimney on a very cold day 
when a bright hot fire is burning. A fine thread of silk is 
unspuri and fixed Co the outer edge of the mantel-shelf, when it 
will be found that the flow of hot air as it ascends causes the 
silk fibre to rise at ^ limes vertically with its unattached end at 

' The iiiegularity in the current of heated air lielDg above the mantel 
Is always noticeable raoie or less in all rooms, and i& due to the unequal 
pressure of the outside air at about the same level, to the wind blgwing 
' over the tap of the chiitiney or to both. 

s 



are always available to heat the air of the room. The statement 
that the radiant heat from a fire does not heat the air of a room 
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the top. To make sure that all this great volume of air heated 
by the fire is not due to the fender, etc., these may be removed, 
and the place covered with a tion -conductor of heat instead. 
Under these drcumstances the volume of air does not appear 
to be greatly diminished. 

Those who state that the fire is the only one which heats' 
entirely by radiation are equally inaccurate. The fender^ dogs 
and irons absorb ranch of the radiation& from the fire, as also 
do the floor, walls, chairs and other articles of rurniture, pottery 
and bric-a-brac in the room. All these simultaneously emit dark 
rays of radiant heat corresponding to the temperature at which 
they are heated. In this way the luminous rays are absorbed, 
and the heated surfaces caus.e the air immediately next Co ther 
to be warmed and rise upward, All these articles of furniture" 
so healed warm by convection jusc as much as does the hot- 
water radiator or the stove. Again, those who infer that the air 
is warmed chiefly by stoves, hot-water pipes and all apparatus 
below a red heat because it comes in contact with the hot surfacelj 
are not stating the facts. If this were so, the effect of stove 
heating would be so nauseous, and there would be such a smell 
of " burnt air," that ihey would be even less desicable or eni 
durable than they are. The low tones of heat may not be 
perceived by the sense of feeling for more than from 2 to 5 
feet from the stove, but a very large volume of air is heated 
directly by the dark rays which are absorbed, and this volume 
ascends by virtue of its lesser density withoul coming in contact 
with the heating sur&ce of the stove at all. Stoves do heal^^H 
therefore, by radiation,^ and one-half of the heat given off into^^ 
a room by a hot stove is absorbed by the air as radiant heat, 
and is not obtained from surface contact with the metal. The 
lower the temperature of the dark rays the quicker they are 
absorbed and the less impression naturally they make upon the 



>It iQQSt not be forgotten also that the air in our dwellmge 
much floating paxticleE of matter, and theac particles intercept 
latLona and injpait the heat so formed to the molecules of air. 
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sense of feeling. The rays from a radiator at 150° F. would 
not be detected at times by the face or by the back of the hand, 
perhaps, at more than a foot from the surface, and soinetimes. 
not more than 9 inches from it If the surface of the skin is 
cold, ttie rays are detected at a farther distance, whereas if the 
skin is hot and moist, the dark rays are scarcely noticeable at 6 
inches from the radiator. Notwiihstandrng all this, however, a 
large amount of the heating effect of hot-water or steam pipes 
is due to the radiant heat evolved as well as to the surface 
contact of the air with hot-water pipe or radiator. When the 
radiator is heated to 200° or more, dark radiations may he felt 
at limes for a distance of 18 inches, whilst any one who sits 
within a feet of the radiator for a while and remains perfectly 
still) will experience a. very pleasant sensation of heat, such as 
cannot be observed in any other part of the room. The ther- 
mometer does not show that there is increased temperature at 
the point. The low tones appear to be accumulative, and 
though the hands may be cool, if not cold, when sitting in any 
other part of the room, they always become pleasantly warmed 
2 feet from the radiator. These low tones travel to a greater 
distance than we think, probablyj although their intensity is 
inversely as the square of the distance from the source of 
radiation. 

The above conclusions furnish & clue by means of which it 
is possible to obtain comfort in living-rooms, even during severe 
weather. In the old farmhouse, with huge hobs and fire-place 
and its warped and ill-fitting window frames, the supply of air 
was great and ample. One could neither sit near the door nor 
near the window in winter weather, but there were generally 
two settles, one on either side of the fire, arranged at such an 
angle that the cold air in travelling to the fire could not pass 
over the I'eet of those who sat upon them, because the backs of 
these were continued n]^A^ down to ihe fioor. To sit upon a 
chair in front of such a fire tn winter gave rise to intense heat 
in front and a feelmg of coM water running down the back, 

8» 
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resultsvery frequently experienced in the drawing-room of to-day 
when one sits on the thin-legged fragile furniture found in it. 
The ancient farmer did not know that the radiant heat would be 
partly absorbed by the poHshed wood at the back of the settle, 
and partly reflected by the hard^ shiny surface. But he found 
that by placing a settle at a reasonable distance from the fire, 
not only could the grateful warmth of the radiant heat be felt 
in front, but even the back of the legs and feet were warmed 
most comfortably as well as the upper part of the body by the 
radiant heat and light rays absorbed and emitted, or refiected, 
from the back of the settle upon the clothes of those sitting 
there, m the same way as the rays of light are thrown back by 
a looking-glass. The black or dark clothing worn by the occu- 
pants absorb both the light and heat rays, and it is dttScuU to 
picture a more comfortable position or one more free from 
draughts and cold shivers. The modern craze for fres.h air can 
be satisfied with some degree of comfort If the chairs in getieral 
use, open at the back for frigid air to strike against the legs and 
feet, are abandoned. The seats must have backs which rest 
upon the carpet or floor so closely as to exclude air. If the 
occupant suffers from cold feet or rheumatism in the legs and 
feet, the front of the seat at the back of the legs might have a 
surface of polished metal or else he blacked. In this way the 
legs will be warmed when the chair or settle is brought near a 
fire which emits luminous radiations, for some fires do not. 
Thete should be a narrow cushion support fixed for the small 
of the back to rest against, and which will cause the body to be 
thrown forward Some two or more inches b front of the rest of 
the back of the chair. This back is best made of oak polished 
by rubbing, and high enough to shield the top of the head from 
the cold currents moving towards the fire, whilst the form of the 
chair should be semt-cfrcular, or even greater than half a circle, 
in order to shield the sides of the body from the currents also. 
There is nothing inore satisfactory than the settlCj both for 
comfort and sociality, but our forefathers erred in having a back 
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made too perpendicular and not fumishing any support for the 
loins of the individual. For consumptives and those who ad- 
vocate tnuch fresh air, these chairs or settles aie indispensable 
for winter use. 

Fuel- — 'Artisans and the working classes, generally, perhaps, 
give little attention to the nature of the fuel they burn in their 
homes. It seems a great pity that the question of price is 
usually the only one considered, because if any housewife needs 
a. very serviceable and good coal i£ is the one who lives In only 
one or two rooms, and who has to do all the cooking and wash- 
ing for the family by the aid of a. small grate such as Is often 
used in a bedroom. It would be well if co-operative stores and 
philanthropists afforded the workln.g-u:ian more help in this 
directioti, pohuing out that the cheap article is usually "cheap 
and nasty". The difference in the price of some coals does 
not necessarily mean that one is dearer than the other. A coal 
which costs JOS. per ton and contains 4 per cent, of ash is not 
dearer than another sample at i8s. which looks equally good but 
contains 16 per cent- of ash. The majority of coal sold at from 
igs. to zos. per ton in London la so full of shale or bo inter- 
mixed with fireclay that it ]iot unfrequently contains 30 percent. 
or even 40 per cent, of ash, and scarcely deserves the name of 
coal at all. Coals so charged with mineral matter cannot be 
detected by their appearance except by an expert. Some are 
of a dark grey colour approaching to black with no striking 
brightness, whilst others are not bright at all but dead black. 
Even if the coal possessed the black shining quality which gave 
rise to the soubriquet of "black diamond," it is no guarantee 
that on burning it white ash will not manifest its presence. 
Some of the dull black varieties on the other hand are coals of 
fine quality. As the consumer must pay for his esperietice, he 
Vfill be wise if he carefully notes how much ash results from a 
day's consumption, and whether that ash is white or red. He 
will not purchase a coal which, like cannel, will flare and send 
offdense clouds of sooL to fill the chimney and empty his pocketi 
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The poor man wants a strong coal, but not what is known in 
the raining districts as "dry coal," a variety which wiU only 
burn and keep burning as long as a large body of hot fire lasts. 
The working-raan should have a coal which does not waste one- 
half in caking, and yet it must be a coal which will last long 
and keep alight although only ons piece h burning. There are 
such coals oti the tnarket, but these would become rare if the 
middle classes did not waste their money upon those highly 
bituminous or "fat " coals as they are sometimes termed, which 
approach very nearly in quality to the cannel cuals used for en- 
riching coal-gas. By the time the dense black vapour and soot 
have been driven up the chimney nearly one-half the coal has 
been consumed ; and, just when a strong coal begins to emit 
powerful luminous radiations of heat, the ^' fat " coal collapses, 
and is soon after consumed. Those coals chiefly found on the 
outcrops of coal-basins which fuse and evolve streams of gases 
through holes in the molten mass are not well suited to heat a 
room. The fire is cheerful to look at, but the coke thrown 
forward in front of the bars hinders the luminous radiations 
getting free vent. A coal the lumps of which do not change 
their shape much in burning is the best. Whilst the physical 
qualities mentioned are important it is equally necessary to have 
only a moderate proportion of ash, and that this ash shall not 
be white, light or flocculent, otherwise it will be easily blown 
about and cause much dust in the room. A coal with a small 
proportion of ash either of a light brown, a dark brown or red- 
dish hue is satisfactory, and when the quantity is really small 
the consumer may know he has got good value for his money. 
A very dirty coal is dear at any price. 

The consumption of coal in cooking ranges, no matter how 
perfect the grate appears to the eye, is considerable. For this 
purpose the coal should he strong and of a character approach- 
ing the steam coal variety rather than the " fat " coals. A clean, 
hard coal, the smoke from which is inclined to be blue 
than dense black, is the most suitable. Do not purchase 
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which are cheap add contain much white ash^ because such 
coals burn freely and are very expensive in the long run, The 
economy of coal in kitcheners is further mentioned under that 
head. 

If one or more living-rooms have flues in the outer Wialls, 
procure a dean^ good kitchen coal which will give a cheerful 
fire without blazing much, and use it for all the fites through- 
out the house. It will be cheapest and best, because the 
fire will be hotter, there will be less soot going np the chimney 
and less smoke coming down, and there will be more ventila- 
tion. 

Most persons of stnall means have tried the bricketles or 
other forms of compressed fuel, often known as patent fuel. 
This material is usually made from the small coal obtained by 
screening, i.e., allowing the coal as it is tipped from the truck to 
run over a screen which removes the dust and very small lumps. 
The coal is mixed with a small proportion of pitch, heated and 
compressed by machinery. There are some few brands which 
contain a reasonable proportion of mineral matter, but the con- 
sumer will be wise if he obtains a strong, clean coal instead, 
as most of the conspressed fuels are very dirty so far as the ash 
is concerned^ whilst many contain coal so "dry" that it is 
scarcely combustible in an ordinary fire. 

Much has been said and written about anthracite, and it 
has oflen been represented as the perfect cure for the fog 
troubles, in our large cities. It does not give off black smoke, 
and the blue reek emitted is not objectionable. There are, 
however, serious difficulties in the way of its general use. In 
the first place, the dancing, flaming, flickering fire is the cheer- 
ful fire, and once take away these qualities and the possibility 
of seeing visions^ if not of dreaming dreams when one sits with 
his feet upon the fender gazing into the luminous craters, and 
all or nearly all the pleasure of a visible fire vanishes. An 
open fice of fine anthracite nuts is certainly better than any 
closed stnvet whether it has a mica front to give one gleams 



120 VENTILATION AND HEATING OF EWELUNGS. 



of the hot fire or not, and apart from the sentimental associa- 
tions just menttoned, little fault can be found with this fuel, 
excepting perhaps the difficulty of getting the radiations to he 
emitted powerfully from a sufficient depth of surface to face 
the room. With regard to a closed stove on the slow combuS" 
tion principle, the adoption of Welsh anthracite as fuel would 
prevent the generation of much sulphurous gases and their 
escape into the air, but the amount of carbonic oxide produced, 
and which may possibly be driven hack in a room on account 
of faulty flues, would not be materially lessened whether anthra- 
cite or coke was used. It 15 possible, however, to get anthra- 
cite so accurately broken as to sise and so free from a?h or 
other impurities that it can be burned in a closed stove almost 
scientifically, so as to get the largest amount of heat from the 
smallest consumption of coal. There is a good stove on the 
market for burning anthracite in this way. Anthracite was 
tried and much recommended for fuel in the Health Exhibition 
held in London, and whilst it can be so used by the middle 
and upper cSasses, it has not been since adopted to any extent. 
For poor people it is not suitable, not only on account of its 
cost, but because they are not provided with grates adapted 
for burning anthracite, Futhermore, in addition to being 
very troublesome to light, it is very apt to go out unless 
it receives much attention, and it is very difficult indeed to 
get a good front face of bright fire to shoot out powerful 
radiations. 

Once the cheerful open fire is sacrificed, and a slow com- 
bustion stove is adopted, it matters little what fuel is used 
provided the consumption can be properly regulated so as to 
get the best results. There is no fuel except anthracite so well 
adapted for use in these stoves if they have long iron flues above 
them, as Coke, because no soot or pitchy material is driven offy 
but unfortunately the removal of clinker causes sulphurous 
gases to pervade the room. Even anthracite is not quite free 
from this, although the quantity is so small that it does not 
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nutter mixh. There is no ftwlt however, which mtvn w much 
m quality, in hitrdnKS or in freedom from ash as coke. Thv 
coke tis«d domesticaUy comes from tb« |[m«woHu* and te the 
remnaitt from which the ilium truitiixg gfSy oils uid Vu havt 
been distilled or driven ofT by hcac. The fine quality cok* 
used io iron-works is special))- made fiom ixtal wlitch hai been 
washed to free it from i-lialc, etc. It I'rcqiicntly hK|^J» thnt 
coals which conuin much iitintfral nmit^T give off gai of lii^h 
illuminating power when heatevl.fnul {ho5c aro scnerally kmmn 
as canttel coaJs. Many of these i;\wU do not cake at nil, Um 
maintain their original shape somcwhiii, aUhuu^h sjilitliii^ iiuah 
along lines paraUel to the cIcavaRC ol ihc s<s»iii in whiih they 
occurred. Such coke is aIuiosI woilblcss, and care should Ihj 
taken that stuff of this kind h not mixed with the better cuke. 
In many gas-works two kinds of rail arc used. One likr that 
just mentioned, the other, and that used in thcKT'^iitCHt iitiantily, 
a coat which gives off gas of a poorer illuminating value. This 
coal cakes, /.«., partly fuses into (mc mafys, which In hrokcii up 
by the water used to put the foka out after it has heeti itniwn 
from the gas retort and by the men during the operation. If 
the coal was clean and there was little asli left after iHiiiuufi, 
the coke would not cotuain iU) tinreflsonuhle iiniount, altlnmuli 
it would be increased, naturally, as praclicailly all the ftith would 
remain in the coke. If, tlicrefure, the coal cantaiitnd 5 per 
cent, of ash and the coke remaining wasi 65 [>cr ccnL of the 



whole* the coke would contain 



5 X 100 
65 



- 7'7 per ccnt.ufiuih. 



This would be a firsC-rate coke. Some gas-worka have adopted 

the water-gas process for adding to the volume produced. Ily 

this process a further quantity uf the carbon ia removed Irutn 

the coke, leaving it porouS' and easily crunhcd. If ao pur cent. 

of the carbotj had been removed hy SL-ndiiic, ;i i<iri'-iii <J ■iiniin 

over the coke, we should find that 7'; pei cLiit. <.ti ;i:iili would 

7"7 X 100 , 

— g^ = 9*6 per cent. Ihc fofc:jjOing 



be rodsei thus: 



122 VENTILATION AND HEATING OF DWELLINGS. 



illy first-class coke, and 



few sample 



figures represent 
from gas-works contain less than la per cent, of ash. Avoid 
soft, friable, dull-looking cokes, as, although they keep alight 
well in mild weather, they generally clinker very badly and 
contain unreasonable proportions of ash> A good coke should 
be bright and metallic in appearance, hard, not easily crushed, 
and free from many visible red spots of oxide of iron, otherwise 
the ash will clinlcer badly, and form such a fused mass that it 
can only be detached and removed from the furnace with dif- 
ficulty. Nearly all cokes will leave a fused ash if the furnace 
or stove is forced unreasonably, but if either is carefully 
attended, and the ash is cleaned out at regular intervals, very 
little clinker should be formed- The author had some difficulty 
in getting a coke suitable for use in a slow combustion stove of 
a hot-watet apparatus, but after trying several kinds succeeded 
in obtaining a satisfactory article. Where a house is heated 
throughout by hot water, and coke is the fuel used, it is most 
essential that the latter shall be good and dean, otherwise the 
servants in charge will not be able to keep an even temperature. 
The author found after providing a good coke that the house- 
maid kept the temperature within two or three degrees for weeks 
together, and the whole arrangement requires far less attention 
than one ordinary fire. The only other fire in the house is in 
the kitchen which heats all the hot water for baths, etc., and 
there is none drawn from the hot-water apparatus. 

The householder must not expect his gardener to know 
much about coke, although he will be more interested in the 
matter if his attention is called to the quantity and quahty of 
ash which remains, in order that a suitable coke may be selected 
for hot-water apparatus in green-houses, etc. This question 
of a suitable coke for heating green-houses is much more im- 
portant than moat people think, both from the point of view 
of expense and the general well-being of the plants in the 
houses. 

The following figures give the composition upon the dry 
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sample f^ good bitummous coal, good anthracite and good 
coke obtained from gas-works. 





Bltmnlnoiu 
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Coke 


Carbon .... 
Hydrogen .... 
Oxygen .... 
Nitrogen .... 
Sulphur .... 
Ash 


80-8 

55 

6-0 

I'2 

I '5 

50 


88-g 

3*3 
3-8 

©•8 
i*o 
30 


85-5 
0'3 

) .„ 

25 
IO-5 


lOO'O 


lOO'O 


lOO'O 



CHAPTER Vni. 



FIRE-GRATES, STOVES, ETC. 



FiRE'GRATES. — It is generally admitted that the open fire is the 
least effective heater, as only one-third to one-eighth or even 
less of the coal yields its full measure of heat into the room. 
As pointed oat already, the heating power of a fire depends 
upon the intensity of the radiations emitted, and the intensity 
of the radiations upon the surface of a clear red fire facing the 
room. It will be well if the builder as well as the tenant makes 
the last sentence an axiom, and that the efficiency of all grates 
should be judged by this standard. At the same time, however, 
it must not be forgotten that if a grate has no provision for 
restraining the undue and unnecessary volume of air which 
passes up high chimneys during very cold weather, the fiill 
benefit of the radiations will not be experienced, because the 
air which has absorbed the dark tones of heat given off by the 
front of the grate and by the fender, ironS;. etc., will pass up 
the chimney instead of rising in front of the mantel to warm 
the upper part of the room. If the velocity of the air passing 
up the chimney is greater than the velocity with which the 
warmed air near the fire will rise because of its lesser density, 
the hot air will be sucked into the current going into the chim- 
ney in preference Co rising into the room to take part in its 
heating and ventilation. The old-fashioned register grate whose 
opening at the back was small and not situated so that the air 
swept immediately over the top of the fire, sent out radiations 
of great intensity wben the velocity of the smoke in the chimney 
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was from 4 to 6 feet per second, whilst the volume of air rising 
in front of the mantel was great, provided the supply of air to 
the room was ample^ The more modern grates, perhaps, may 
be better-look ingf more artistic, but many of them lack the 
eflfectiveness of the best registers in their power to radiate. 
There was one fault about this grate which has been remedied 
in later forms, viz., the want of a good fret to prevent the air 
passing under the bottom of the fire to consume the centre of 
the coal, whilst the width of the basket from the bars to the 
firebrick back was somewhat too great. The Coal basket should 
not be more than 6 inches deep from front to back, inside 
measurement. The width of the basket will depend upon the 
size of the room. A good grate with i6-inch fire will do for a 
room t6 x 14 feel, and a good grate with iS-inch fire will do 
for a room 20 x 15 feet, unless the latter faces a cold situation 
and is much exposed. The height of the firebars, which should 
be vertical and very small, ought to be from 8 inches to 8i 
inches, so as to be able to furnish a high face of red fire during 
cold weather. 

Referring again to the slow combustion fret, there is no 
doubt this is the most effective improvement made in fire-grates 
in modern tiroes. At the same time it is surprising how little 
the value of the fret in effective heating and saving coal is 
known or appreciated. A closely fitting fret is most valuable, 
and a wise tenant should stipulate that the living-rooms, at any 
rate, should be furnished with grates having suitable frets. In 
most houses where frets occur they are left open unless the lady 
regards the appei^rance of the hearth, and looks upon the open 
fret lying awkwardly across the hearth as offensive to good 
taste. It is fuUtime that the advantage of the fret is acknow- 
ledged and understood. If the fire has burned very low, it 
may be advisable to open the fret a little unless there is a 
blower attached to the grate, when this can be used to eflTect 
the same purpose. If the fret is opened, cUse it as soon as the 
fire has burned up a little. The saving of coal by keeping the 
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fret closedj especially id cold weather, is from one-sixth to 
one-fourth, wbil&t the effective heat sent out into the room is 
often doubied. 

The next point to a good fret is to have bars which will not 
intercept the radiations more than need be. There is a new 
form of basket recently placed on the market having cast-iron 
vertical bars sloping forward greatly, and so thick as to occupy 
three-quarters of the front of the fire. This fire is said to heat 
the room and not the chimney.* No firebars are so suitable 
as those with thin^ vertical steel rods, and there are numerous 
grates on the market having such bars. 

One would scarcely think that the above information re- 
specting grates was for the most part advocated by Dr. Reid in 
1844, and it wlU be instructive to quote his remarks upon the 
requirements of the common fire. He says : " The great points 
which require attention in the common fire, are r — 

" I. Depth of fuel, from top to bottom, and — 

" 2. Breadth from side to side, to give an ample radiating 
surface. 

" 3. A Blower, to close the ingress of air above the fire, 
that it may kindle qujcklyj and burn powerfully when necessary* 

"4. A Valve or datnper, to reduce the draught when the 
combustion is too rapid. 

"5. A Frontj made of the lightest possible iron bars that may 
be considered lasting, and placed on the level of the floor, that 
the floor and feet may have the fuilest benefit from the radiation. 
Placed at a higher position* it has, in some respects, the advan- 



^ It is to be hoped the statemcTit is incorrect, otherwiae the ventiSatton 
will suffer seriously. It is a cnisfartune that three-quarters, of the heat of 
a coal fire goes up the chimney, but it would be a much greater inisfartune 
if the room could not he ventilated. It is well to f>emen:ib« that the: 
' liDtter the Enicit:e column In the chimney the greater will be the ventilating 
preBsyre, and the larger the volume of air which can be expelled from the 
loom, tindtir the circumstance a, therefore, the heat which goes up the 
chimney is not all '^wasted ". 
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tage of throwing the heat in a different manner, but it never 
then affords the personal comfort which a low fire presents to 
those who may wish to be sensible of the influence of its rays — 
a practice which, ahhough not to be recommended to pass into 
a habit, is too agreeable not to be resorted to when the system 
has been chilled. It is not, in general, sufficiently remembered 
thai the great object with all ordinary fires is to heat the floor. 
If this be accomplished, it moderates the severity of cold air 
there, and the upper portion of the apartment is warmed by 
the ascending currents that are imraediately developed- 

" 6- An ash-pit, with means for preventing the ingress of air 
below the fuel. Air should enter in front alone ; the radiation 
is then powerful in front, and strikes forward. In many fires 
the radiation is most powerful below, and strikes downwards, 
where it is of no value," ^ 

It will be noted that Dr. Reid mentions a blower. This 
possesses a special vaEue for cold chimneys in outer walls, for 
in addition to making the fire burn quickly and powerfully it 
sends 3. hotter current of smoke and aif up the chimney, causing 
the ventilating power to be greatly increased. It is a decided 
advantage to have such a provision if the chimneys are exposed 
to severe wind effects, but the blower should not be used injudi- 
ciouslyf because the consumption of coal will be greater. Dr. 
Reid mentions a valve or damper to reduce the draught when the 
combustion is too rapid. It has been pointed out in some 
detail how valuable such a valve is, not only to restrain the air 
going up the chimney so as to check the combustion, ^m^ fo 
faciliiaU ike removal oj the viliaied atmoiphere near tfie ceiling 
by using a chimney-briast ventilator. Furthermore, a grate 
having valves opening into the chimney in such a way that the 
heated gases can he made to shoot upward at a high velocity is 
the safest guarantee that the smoke cannot be drawn down into 
the room by the suction of the wind outside near the ground 



' Itiustraiions of VftiiUafim, pp. 330-31. 
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upoD windows and doors. The saving of coal which figsults 
from the intelligent use of a valve oc valves in restraining too 
much air from passing up the chimney is such as would lead 
the housewife to become practised in the art did she but have 
the opportunity, 

If all grates were so provided, it would be possible to place 
a reasonable limit on the height of the opening to the flue. 
The maximum height of that opening above the floor of the 
room is usually given as z feet, but in many grates it exceeds 
this, and is sometimes 2 feet 3 or 4 inches. Anything above 
a feet is objectionable- It has been urged that the higher 
the opening the more material will be exposed and heated to 
emit radiations, whilst the quantity of coal consumed will be 
proportionately less. It will be well to deal fully with this 
matter at once, because the saving in fuel is more apparent than 
real, whilst the fuller heating effect is for the most part imaginary. 
There is a very serious objection to such high-backed grates, 
»/a., that in moderately warm weather such as is experienced 
in autumn and spring the volume of air passing up the chimney 
is too small to ventilate the apartment, and if the fire is forced 
with a view to increase the velocity of the smoke column, the 
room becomes unbearably hot. Grates which are under rather 
than over z feet high up to the opening into the flue cause the 
air and smoke to be heated before it enters, and the front of 
the fire is maintained brighter, with the result that powerful 
radiatiot^s of heat pass into the room. When the fire is much 
below the top of the firebrick back and the latter slopes forward, 
the fire during three-quarters of the year burns dead and the 
front of the coal is covered with ash, the result being that the 
radiatiotis are stopped by the ash and thrown hack again upon 
the red coals behind, and the heat eventually goes up the 
chimney. In severe weather, grates with high sloping backs 
restrain the air going up the chimney by their height and for- 
mation and are not so wasteful, but they are very ineflectual 
during nine months of the year. Furthermoret by having valves 
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to resfrain the air going up the chimney the same effects can 
be produced with a grate having an opening into the chimney 
at a lower level, and one which will ventilate a room well in 
mild weather. Other points in reference to these grates with 
high openings to the chimney and sloping backs have been 
mentioned already in this chapter, and experience in their use 
has shown that once the smolte has descended into a foom it 
is extremely dif&cult for the chimney to recover itself on account 
of the hack sloping forward. 

Fires burning without a basket have come into some favour 
of late years. This is partly due to the highly effective and 
artistic arches and tiled hearths which have been turned out by 
manufacturers in the Potteries. Some of these fires are very 
ineffective, and wasteful in the extreme. In modern houses 
constructed by conscientious builders for men who can pay the 
price, it is possible that the woodwork is so well done that 
scarcely any air gets into a room. Such an apartment may be 
warmed by a fire giving out no visible radiations somewhat 
effectively in spring and autumn, but if the tenant expects 
10,000 cubic feet of arr to pass through the room and up the 
chimney it will be almost impossible to warm the room under 
the circumstances in cold weather. Whyi" it may be asked. 
1. Because the fire does not conform to the axiom that the 
heating power of a fire depends upon the intensity of the radi- 
ations emitted. 2. The surface of clear fire facing the room 
is not proportional to the mass of the fuel. 3. The low situation 
of the fuel and its relation to the opening into the chimney do 
not permit the air to keep a bright, clear front to the fire, Any 
fire which does not fulfil the conditions demanded by physical 
science — conditions which are based upon laws (not opinions) 
invariable and exact— must be condemned on that account. 
Taking the average of the year round, in some cases as much 
as 90 per cent, of the fuel is lost in heating hearths, walls, etc, 
and in passing up the chimney without first giving comfort in 
the room. All fires like those just mentioned do not afford 
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sufficient ventilating pressure to enable them to cope with severe 
wind effects, consequently such grates smoke badly when at- 
tached to chimneys situated tn outer walls. Their irtefflcienc 
is not confined to these positions, however^ because the author 
has frequently found the same experience when such grates 
were connected to chimneys buiEt in inner walls in cases whe 
the wind effects were turbulent- 

Grates with movable canopies which close the opening b 
the chimney are useful as pointed out already on page 5 
Sloping backs should be avoided, and the height from the 
floor to the canopy should not be excessive. If the chimney 
is of low ventilating power and cold, the closing of theifll 
canopy may give rise to two currents in the flue and cause 
tlie fire to smoke- The large surface exposed at the ends and 
side of the canopy enables hot air to go up on one side and 
cold air and smoke to come down by the other side. Grates 
with movable canopies properly made to fulfil the requirements 
mentioned above would be suitable for flues in the inner walla 
where the wind effects were not too boisterous. 

Another grate which commands attention is that on the 
principle advocated by Sir Douglas Galton, and one which 
sends warm air into a room. At first sight one might be ta 
clined to believe that this grate was a panacea for all evils i 
the form of want of air and smoke trouble generallyj but long 
experience and some extended trial and use have not made it 
a favourite. In the first place, if the house is built it is very 
difficult to bring in a supply of air to the grate^ and expense 
will be an objection. In the second place, where it has been 
fixed originally, and the air ducts built in the house as it was 
constructed, it is found that the effects are not so perfect as one 
anticipated. When the weather is cold and the ventilating grid 
is open, the moment the fire gets low the cooling effect of the 
frigid air current coming in is very pronounced, and if the room 
is left for an hour or two under the circumstances it becomes 
very cold. If the ventilating grid is closed, there is a strange 
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accumulation of sulphurous gases, apparently, as the moment 
the grid is opened again the sulphurous smell is very noticeable. 
In an office provided with a Gallon grate the occu[>ant told the 
author that he never kept the grid shut on account of this sul- 
phurous smell experienced on opening it after it had been 
closed and which may have been caused by smuts deposited 
in the air passage. This brings a thought into prominence 
respecting these grates. How careful one should be to make 
sure that every joint is perfect between the heater in the grate 
and the fresh air duct I Is it possible to prevent the gases from 
the fire passing through the walls of the heater? is another 
question which it is to be feared must be answered somewhat 
in the negative. Though all these possibilities may be risked, 
there is still another objection. The cooling effecC of the cold 
air upon the back of the fire and flue cause the smoke and soot 
to be deposited in the chimney in an extremely light and friable 
form, the result being that it is very liable to fall and cause 
much mess. This cooling effect of the inlet air which is heated 
interferes with the production of intense radiations. Apart 
from all this, however, providing no deleterious gases are mixed 
with the fresh air supply, a grate of this kind would be very 
suitable for a small room to prevent draughts if the tenant 
would not mind giving it a little attention, and this is necessary 
if one wishes to get ventilation and comfort. If there is a swirl 
near the ground when the wind blows, or suction results, care 
should be taken to protect the fresh air supply to the grate, 
otherwise the air current may be checked and overheated or 
burnt air get into the room. It is advisable to keep the grating 
shut when equinoctial or choppy winds are blowing. 

Stoves.— Heating by stoves is more economical than by 
any form of open grate, although the effects are neither so 
healthy nor so pleasant. In America, where stove warming 
was once so general, much of the heating power was got out of 
the stove by making the flue pipe do its share in heating the 
building. For this purpose it had to be carried up through 



t32 VENTILATION AND HEATING OF DWELLINGS. 



the rooms of the house. With a temperature noi unfrequentl] 
many degrees below zero, the tenants were not so conservative 
about the quality of heat, provided the house was warmed. 
The same remarks are still true in reference to farmhouses 
and out-of-the-way places, but the rapidity with wbich stoves 
are disappearing in the larger cities shows very conclusively 
that they are not desirable for heating buildings. In this 
country the visible flaming fire is usually the evidence of grate- 
ful warmth and comfort. In America and cold countries it, 
is a sign of crowding around the one spot where the face is 
hot and sraartitig, whilst cold shivers are experienced down the] 
back, legs and feet An open fire is absolutely incapable ol 
warming when the weather is so cold. As stated already, 
however, once one relinquishes the open fire in this country, 
it is but a question of warmth afterwardsj and the tenant will 
only ask for the healthiest and most effective form of heating, 
and that obtained from the use of stoves is neither one nor the 
other. By using anthracite or the best kind of steam coal ii 
a stove the trouble of chokers or of much sulphur is eliminated, 
and if one attempts to burn coke in a stove fixed in a living- 
room the removal of clinkers will give rise to such an intoler- 
able stink of sulphur, and the gases will act so deleteciously 
upon silver, picture frames, etc., that the tenant mu&t discard 
fuel of that description. If one stirs a fire in a grate to remov«^| 
slag or even chnker, very little sulphur gets into the room, ^^ 
because the fire is directly under the opening into the chimney. 
With most stoves it is different and the fumes cannot be so 
easily removed. There are many stoves on the rnarket which., 
heat fresh air and send a current into the room, and there it 
no doubt that several of these have been brought to a high 
state of efficiency. To avoid the unsightEiness of the iron flue 
when the stove has to be fixed in a large office and at some 
distance from the wall, the flue is made to pass under the floor 
and then up the ordinary chimney in the wall. The flue must, 
have a door in it to remove soot, etc*, and through this 
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some extraneous heat has to be supplied in order to start the 
stove, and if this is once done Che stove will draw satisfactorily 
if the flue is good and of sufficient height. Stoves with open 
fires are most Hked, and, although they are very waaieful, there 
is less need to make the iron-work as hat as possible. To get 
a large heating effect from the coal consumed in a stove, it is 
essential that some, and if pos&ible a long length, of the flue 
pipe shall be carried up where it can heat the air. The stove 
must not be covered with non-condLCting material like glazed 
tiles, terra-cotta or enamel, else the black rays from the iron 
lining, if there is one, will be returned to the fire, absorbed by 
the heated gases, and only a very small percentage of the coal 
wil! be effective in heating the room. Suffice it to say that a 
good grate will heat much better at less cost. The cast-iron stove 
of the (^lindricat type such as is frequently used to warm gal- 
vanised iron buildings, schoal:^, etc, utilises much of the heat of 
the fuel and warms a building effectively, hut the smell of burnt 
air, the strange dryness due partly to the gases which have 
escaped and the great tendency there is for sulphurous acid 
and carbonic oxide lo find Iheir way into the atmosphere which 
is heated, render these stoves very unfit for general use. The 
most efiective stove is nsither so economical nor so satisfactory 
for healing air as a well-planned hot-water apparatus. To get 
full heating power from a stove the coal or coke must be burnt 
by the slowcombustioti method. Excess of air must be avoided, 
the amount being very carefully regulated by a sliding door or 
one with hii-or-miss grating at the bottom of the stove. 
Dampers ai l/ce top of the stavt should be always discarded, as 
any pressure within the stove will be sure lo drive deleterious 
gases through the opening where the fuel is supplied. If the 
weather is coldj the stove must be made very hot, and not only 
is there much waste heat and air going up the flue, but the air 
heated by the stove rushes up to the top of the raoniy and either 
finds its way out at once without warming the building, or gives 
up much unnecessary heat in a part where it is least useful. 
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The fire of the hot-water stove being surrounded by water will 
give up so much heat that the gases escaping will be of a lower 
temperature than from the stove just mentioned, whilst the 
radiators or pipes conveying the water will expose a larger 
heating surface at a temperature considerably below that of the 
stove. Every stove should have a water vessel attached so that 
the steam evolved might counteract somewhat the unpleasant 
dryness oF the air. Stoves of the kind mentioned have fallen 
out of favour in this country, and are never likely to be much 
used, except for temporary buildings, notwithstanding the excel- 
lent workmanship and design bestowed upon many of them. 
Some of the better kinds of ventilating stoves are still employed 
in lai^e buildinij;s, but there is no question that hot-water heating 
ts both cheaper and much more reliable and healthy. 

Ranges and cooking apparatus have been noticed on page 98 
as liable to smoke if there is no canopy or hood immediately over 
the fire, or one which can be made to occupy such a position 
when the fire is not forced. As many of the new ranges on the 
market are still only half-provided iii ttiis particular, it is well 
10 point out to intending purchasers that it is a most essential 
requirement. Nearly all modern ranges aim at providing some 
form of hood, either sliding forward over the fire, or capable of 
spreading out to more or less lie over the fire when it is open 
at the top. Experienced tenants generally know in a very prac- 
tical way that ranges are most expensive luxuries and that 
the coal bill is always a large item. If a cook keeps the fire 
closed up and " roaring," the weight of coal consumed is easilyj 
doubled. Hence the main point with all ranges is to prevent 
unnecessary draught, and to this end maintain an open fin 
whenever practicable. It is to make this possible that a good 
hood is necessary, and the form of hood which a range has ' 
should be duly considered by the practical builder, who is going ^1 
to fix it, after carefully noting how the range stands in relatioi^^L 
to the tack door, especially if that opens out from the kitchen. 
If the air pressure comes in at an oblique angle to the front of 
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a tood which opens out from the buck of the rangej it will he 
found that the range will smoke unless the flue is swept fre- 
quently and the chimney "draws" well. This question of 
wind pressure and draughts from doors is one which should re- 
ceive attention, and makers of ranges and cookers might add to 
the efSciency of the hoods by providing additional mentis for 
bringing theni out farther over the fire when required. There 
is no reason why a sheet-iron folding arrangement with a simple 
hinge might not t>e added to some of the present hoods, ao that 
when the kettle is not on the fire there may be a more complete 
gathering up of the stray wreaths of smoke. The sweep should 
be called in three times a year if the ranye is used during the 
summer, and the flue is "sluggish ". The makers of rwyfin 
would act wisely if they printed a section along the line of the 
back of the range as well as under the ovens showing where the 
flues are situated, upon their cards of insltucLJons, because a 
new cook may not "know" a certain range, and if through 
ignorance one of the flues is allowed to become so blocked wiili 
soot that the fire smokes, the runx^ gels a bnd name instead of 
the ce^Jk. The tenant should become thoroughly acquainted 
with the flues of the kitchen range so as to be in a position to 
tell what is wrong, and thus save extra and unnecessary expense 
in sending for the chimney-sweep to do the work which ihe 
cook ought to have performed. Where much hot water is used 
for baihs in the morning the damper of the flue under the boiler 
has to be kept full open. The fire consumes much coal when 
this flue is drawing hard, hence it is best to cut the air supply 
to the lowest point as soon as possible, so as to prevent the 
water boiling in the cistern and undue consumption of coal in 
the range. It is far better to let the flue under the boiler just 
" draw " a little all day than to force it for " washing up/' etc., 
because the cook is so apt to forget to close it agSiin, aa the 
opening leading from the fire is not in a position to catch the 
eye. 




CHAPTER IX. 



HEATING AND LIGHTING DWELLINGS BY COAL-GAS^ 

ACETYLENE, OILS. ETC. 

Coal-gas is probably used to a greater extent to-day for 
healing purposes than it has been hitherto. This is not so 
much because it is suitable for the purpose as it is that it is 
convenient. The increased consumption is not altogether in 
the direction of gas fires in rooms, although the larger niiniber 
of houses now built having chimneys in the outer wads tend to 
the use of gas fires on the first and upper floors because the 
chimneys smolte so badly with coal fires owing to the former 
being cold and the grates so unsuitable. It has been mentioned 
already how unwise it is to use a gas fire in a room subjected 
to down-draughts in the chimneyt and there is no doubt that 
gas fires do not mn ^moky chimneys. If a chimney "draws" 
properly, a gas fire can be used in the grate, but only then 
with atiy degree of comfort and safety. The readiness with 
which the fire can be kindled and the room made more cheerful 
has led to the frequent use of gas fires in drawmg-rooms. They 
cannot be recommended on account of their costUness, and 
also by reason of the small amount of heat which they radiate, 
If a gas fire is to be used, the opening into the due above the 
grate should be much contracted, and a ventilator fixed in the 
chimney-breast having no valve or impediment to prevent the 
air entering freely. The top of the chimney should be reduced 
to six inches in diameter, and where the family is small and the 
wind effects in the chimney-top considerable, to only four inches, 
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so that the outgoing air may pass at sufficient velocity to pre- 
vent a back draught. Owing to the lesser heat of a gas fire, it 
frequently happens that there are two cunents formed in the 
chimney, one up and the other down^ but the contraction of 
the opening into the chimney, and the orifice at the chimney- 
topr will prevent the back pressure if the chimney is in an 
inner wall. When the flue is in an outer waH a gas fire is very 
unsuitable, r. Because the heat is not enough, to warm the 
flue sufficiently. 2. Because about one-half of ordinary coal- 
gas Consists of hydrogen, and the other half contains a further 
quantity so condensed that if it were set free It would occupy a 
volume nearly equal to that of the coal^as itself^ as will be 
shown presently. As all this hydrogen forms water when con- 
sumed in air^ the hot vapour condenses in the flue rendering it 
damp, and in this condition the cooling effects of the air outside 
upon the fiiue are greatly augmented. The following analysis ' 
of ordinary coal-gas, sample 2, from 15 to 16 candte-power 
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1 Theafi figures aie taken from Coal, Mhu-gasts and VtntilatioH, p. 
408. No. I was a gaa enriche^i with cannel-coai, supptieil 10 South Ken- 
sington Mugftum, and No. 3 was an analysis of the coal-gaa Bupplied by ibe 
CaidifT Gas Company, 
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supplied to the Royal College of Chemistry, South Kensing- 
ton, analysed by the author, will give some idea of the Sarge 
proportion of water formed during its combustion. Not only 
is the 4g'98 of free hydrogen in No. 2 burnt to water, but 
the 36-35 per cent, of marsh-gas contains twice its own 
volume of free hydrogen. The gases of the defiant series (the 
chief illuminating agents) may be said to contain four times 
their volume on an average. Adding Ehese figures together^ it 
is found that 100 volumes of coal-gas furnish about 140 volumes 
of hydrogen. With regard to the carbonic anhydride formed 
on combustion of the coal-gas, the carbonic oxide will remain 
the Same in volume after being converted into carbonic anhy- 
dride, whilst the oleCiant gases may be taken on the average to 
yield three times their volume of carbonic anhydride. The 
marsh-gas will form its own volume of carbonic anhydride on 
combustion. These three^ together with the trace of free car- 
bonic anhydride in the coal-gas, show that 100 volumes of 
coal-gas furnish 55 volumes of carbonic anhydride. As the 
above figures represent a sample of the usual coal-gas supplied 
to townsj it will be seen how very wide of the mark Dr. Parkes 
was In saying that " one cubic foot of coal-gas . . , produces 
On an average two cubic feet of carbonic dioxide *\^ The figures 
given by Dr. Partes as representing an analysis of coal-gas show 
very little more than half a cubic foot of carbonic anhydride 
per cubic foot of coal-gas. To the credit of the gas companies 
be it said that what Dr. Patkes regarded as a fairly purified gas 
would be looked upon to-day as a very bad sample indeed. 

From the above figures it will be seen that the combustion 
of coal-gas gives rise to a targe volume of water vapour,^ and 
that if this moisture passes into the room it renders the air 
specially susceptible to be cooled by all surfaces at a lower 

^Parkes' Practical Hygiene, p. I44. 

'The author has shown {VtntiinHon and Healing of Churches and 
Public Btiildiiiis, p. 47) that 1,000 cubic feet of caal-gas in burning aatu- 
rate 100,000 cubic feet of aii with moistuie. 
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temperature. Just as moist air absorbs heat readily from warmer 
bodies, so does U give up heat readily to cooler bodies. When 
a room is warmed by naked fliaaies of coa!-gas some of the 
moisture is condensed upon the window glass and other cool 
surfaces which are at a low temperature in cold weather, the 
consequence being that so much heat is abfjorbed by cool 
damp surfaces that it is almost impossible to warm a room by 
naked flames when the air is below freezing point outside. IC 
is because of the less volume of moisture evolved into the air 
that the condensing gas stove is so much more effective. The 
power of a gas stove to condense the hquid products of com- 
bustion depends upon the extent of the cool- 
ing surface over which the products move in 
the interior of the stove before they pass into 
the air of the room, and also upon the extent 
of the heating surface exposed Eo the air in 
the apartment to be heated. If the products 
wholly or in part pass from the stove without 
being made to descend to the lowest point 
possible for the gas to burn properly, the 
heating effects will not be complete nor will 
condensation take place as fully. It is most 
essential that a gas stove emitting its products 
into an apartment should condense as thoroughly as possible, 
because not only is the excess of moisture prevented from 
getting into the atmosphere, but the sulphurous and sulphuric 
acids also. There are several gas stoves on the condensing 
principle, and Fig. 18 has been used widely. The worst feature 
with moat of them is that they do not condense enough moisture 
once they are fully bot^ showing that they usually burn too 
much gas for the heating surface exposed. 

A very effective arrangement is to heat a number of radiator 
sections or loops by gas. Figs. 19 and 20 show two forms of 
these radiators so heated. Such radiators furnish a very large 
heating surface giving off dry heat, and the single flame used 
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Fig. iS.— Condens- 
ing Gsis Stove. 
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for heating need not consume more than 5 J- cubic feet per hour 
in the case of a heater with four loops- Some radiator stoves 
are fitted with a gas supply three times as great as is necessary 
to heat the radiator. This is done, perhaps, with a view to 
give some heating effect the moment the gas is lit. The wise 
consumer will purchase a radiator which uses the minitnura 
amount of gas, and whenever it is wanted counteract the slow 
heating at first by having it lit an hoar earlier, and thus most 
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F3GS- 19 and ao,— Radiators Heated by Qas. 

certainly avoid not only extra expense but much unnecessary 
products of combustion in the room. The prcvportion of sul- 
phur present in a room heated by one such burner is* of 
course, much less than that found where 20 to 50 cubic feet 
per hour are consumed. For otfices these gas-heated radiators 
are cheap and effective in working, and fairly pleasant heating. 
If the products of combustion could be sent direct up a chimney 
the result would be still better. Stoves which heat asbestos films 
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to show a live fire in the DQiddle of ^ room without either a 
chimney or a good condenser ace not desirable. 

Hood says : " All flame is next to useless for radiating 
purposes ".' This is not altogether true, for when the flame 
is used to heat asbestos the radiating power Es considerable. 
A naked coal-gas flame not only gives rise to much moisture, 
but that moisture absorbs the radiant heat which causes the air 
and gases formed to rise to the ceiling and wilt not readily diffuse 
downward. It is found, therefore, that the only effective way 
to use coal-gas is either to heat solid matter to a red heat so 
that it will radiate powerfully ; otherwise, and best, heat a large 
body of water so that all the heat possible shall be got out of 
the gas consumed, the products escaping comparatively cool 
whilst the large surface of the radiator at not more than 150", 
and better stiU at 100", causes the air m the room to be much 
mote evenly heated with the best results. 

Where gas flames are used for heating asbestos fires, it is 
best to adopt air burners on the Btinseti type, but these should 
be so arranged that they can be dusted and cleaned. The old- 
fashioned Bunsens used in fires had two very unpleasant char- 
acteristics — the flame possessed a strong tendency to snap back, 
and light the jet at the bottom of the tube ; and^ by reason of 
the imperfect combustion which resulted on account of th't: 
insufficient air supply, intolerable stinking compounds were 
generated. Secondly, where the flame joined the upper edge 
of the tube of the burner traces of chemical compounds were 
formed giving rise to an unpleasant odour, and this is especially 
the case when iron tubes are employed. Under these circum- 
stances, it is best to adopt a flame as it bums from an ordinary 
illuminating jet for heating purposes, where it can be used at 
a sufficient distance from the body to be heated to prevent the 
deposit of soot which occurs when a. white gas flame touches a 
cold body. 



1 Hood on Warming Building^t, p. 521. 
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Bunsen burners have been much improved during recent 
years. It has been found that if the upper edge of a tube is 
reduced somewhat in diameter, the gas flame is Dot liable to 
recede into the tube ; and it is also known that if the air gas 
flame leaves the top of the tube at a high enough velocity, the 
flame does not lie^. so to speak, snfficiently close to the metal 
to cause much chemical action, and the peculiar smell is not so 
manifest. It was mentioned above that the air burners should 
be arranged SO that they might be cleaned easily, as the de- 
posit of dust upon the top of the tube gives rise to more 
chemical action and also more odour, whilst the settling of 
dust into the tubes hinders the gas rising with the maximum 
velocity which is necessary in order to get the minimum smell. 
It is very important, therefore, that air-gas burners and burners 
of the Bmisen type should be kept clean. This remark applies 
equally to the air-gas burners used in incandescent gas lamps 
with mantles, and it is a very salutary and sanitary proceeding 
to see that the tops of the common fish-tail and bat's-wing 
burners as well as those on the Argand type are kept free from 
dust. 

Gas is used largely for heating water for batb purposes. 
When there is no boiler attached to a range there is no- 
thing more effective than a geyser. Hot water can be got 
quickly and chiaaply, too, if the geyser is sufficiently large — 
not less than j^ gallons per minute, and a gallons per minute 
is much more satisfactory. This means tbat 50 ot more cubic 
feet per hour of gas will be consumed, and // is imperative^ 
ihertfon, that some provision is made to carry the products of 
combustion out of the bath-room. If there is a chirnney this will 
not be a difficult matter, but tvm iMn it mnmi bs done effedually 
unless the opening to the cki7nney is completely closed excepting the 
tube from the geyser, and unless, too, the top of the chimney is con- 
siderably constricted, i.e., reduced to 4 incises in diameter. Where 
there is no chimney in the batb-room, as is often the case, and 
the room is small, the fumes from the geyser are almost stifling, 
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necessitating that a tube shall be taken through the wall and 
perhaps carried up vertically for some distance. Whatever 
trouble is involved the products of combustion mttst de taktn 
awny and not alicwed to get into ihs room. The gas jets usually 
employed for heating geysers are of the ordinary type used for 
lighting, and give white flames. These are best for the purpose. 
There are several geysers on the market fitted with arrangements 
to ensure the water being 
turned on before the gas is 
lit, and the purchaser wiU 
have no difficulty in select- 
ing a reliable article. When 
the geyser is about to be 
used see that the quantity 
of water turned on is small, 
and it is advisable to heat it 
lo a temperature of 150° F. 
or more for the first minute 
or two. The coM water 
supply can then be increased 
up to the capacity of the 
geyser. If the full supply 
of co!d water is turned on 

before the gas is lit the ^l^^^^^S^^^S'^SST^^'^^mt -^ 
condensa.tion of moisture 
upon the metal in the in- 
terior of the geyser, due to 
the hydrogen in the gas, 
will be so great that the heating power will be greatly lessened, 
in some cases by more than one-half. 

Gas is well suited for cooking, and there are several gas 
cookers on the market which are reliable. Fig. 21 is one of the 
best. The flames can be applied just at the points where they 
are most effective, and, considering the amount of heat necessary 
to keep the ovens and boilers going, the volume of gas consumed 



Fig. 31. — Gm Coolcing;Stove. 
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is not excessive. There is much to be said in favour of a gas 
cooker for summer use, because the heat evolved is less than 
from a coal cooking range in actual operation, whilst the sub- 
sequent heating effect of the gas cooker after the gas has been 
extinguished is very trifling. The gas cooker, however, is far 
inferior to the coal fire rfinge in winter. It is the kitchen which 
usually warms the house other than the living-rooms wheu there 
is neither a fire in the hall nor hot-water apparatus for heating ; 
and it is a. fact that where gas cookers are used in winter with 
a geyser for a hot bath, the hall and bedrooms are very cold 
and cheerless. Where there is a hot-water apparatus for heat- 
ing the hall or a good fire or stove for the purpose the less heat 
from the use of a gas cooker is not so manifest, but if the 
servants sit in the room it will not be very comfortable in cold 
weather. Most of the gas-heated ovens on the market use the 
gas econofrticaliy, but they should be provided with proper 
regulators which are self-acting. Some slow combustion stoves 
burning coke or coal are made to cut off the draught or fresh 
air supply when they get over-heated, but these regulators, 
whether pneumatic or electric, are not reliable enough. In the 
case of a stove or oven heated by gas, it is possible to regulate 
the temperature with great nicety, and it is a very decided ad- 
vantage to have such ovens not only supplied with good ther- 
mometers but also with regulators which can be set to any 
required temperature. For instance, the cook requires the oven 
to be at a temperalure of 300° F, As soon as the required 
temperature has been obtained, there should be a regulator 
which, having been set at 300° previously, cuts off a portion of 
the gas supply directly the temperature exceeds 300° F. An 
oven which possesses a regulator will enable the cook to roast 
a joint to a turn or cook pastry without blackening iL The 
best gas ovens are lined inside with a layer of asbestos board 
or slag wool. The latter substance has been found to give the 
better results^ as shown by S. H. Davies, Journal of the Sec. 
of CAem, Industry^ page 478, 1904. From these and other ex- 
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perinnents ft is found possible to save nearly three-fourlbs of the 
loss of heat radiated from the iron oven uncovered with noti- 
conducting material. The slag wool should not be less than one 
inch thickj and li inches would be hotter. The grilling, toast- 
ing and other arrangements in gas cookers have been brought 
to a high state of efficiency. 

Gas IS very convenient for lighting dwellings as iL can be 
conveyed by pipes Co any room. The firet thing a new tenant 
should do who is going to use gas either for lighting only or for 
cooking also is to examine the condilioEi of the pipes. This 
will appear at first thought difficult, because they are out of 
sight. The method is as follows. Having first become ac- 
quainted with the reading of the meter, note the numbers very 
carefully, placing them down one by one to be accurate. Give 
orders that all lights are to be out by eleven on a certain night 
and make sure this is the case, giving instructions that all taps 
are properly turned off. Do not cutoff the supply at the meter, 
but let the pressure of the gas remain in the pipes throughout 
the house. The next evening make sure that the index of the 
meter is read before any gas is lit, and just note the difference 
between the reading taken the previous night. There should 
not be more than a foot of difference. Frequently there is 
much waste in the twenty-four hours, and the leakage has been 
so great in some instances as to form nearly half as much as is 
consumed during the four to seven hours of lighting at night. 
If there is a gas cooker, this must noi be used during the trial, 
but the pressure of the gas should be upon the pipes right up 
to the taps of the cookers. It is not at all a bad rnethod to 
take off the supply of the cooker close to the meter and im- 
mediately in front of this fix a good tapj, then the pipes conveying 
the gas for hghting can be cut off during the daytime or at night 
by the tenant after the inmates have retired, and so save the 
waste when it is appreciable. If the tenant uses a gas pressure 
regulator, it is best fixed just between the meter and the supply, 
but the pressure must not be reduced too low if there \a ^ 
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cooker, otherwise there will be a very unpkasant smell evolved 
and tbe full effect will not be obtained. Those who live upon 
a hill-side or at a. considerable elevation above the gas-works 
should certainly provide themselves with a gas regulator on 
account of the extra pressure in the mains — not one costing ^3 
or jC4f because they are not worth this price. One pound is 
enough for an efifecttve article. If the tenant does not under- 
stand the action of the regulator, any plumber will fix it and 
point out how Jt works. 

The burners usually employed for lighting by gas until re- 
cently were the fish-tail, bat's-wing and Argand. The two 
former were so named because of their resemblance. The fish- 
tail is the one generally employed when a globe is used, as the 
ends of the flame are not so liable to fracture it as is the case 
with the bat's-wing. Both burners, however, yield a light of 
poor illuminating power, and it is surprising that they are so 
frequently used now when incandescent burners with mantles 
are cheap and the light given by them is much greater. Where 
there is a strong draught and the light is subject to rough treat- 
ment, the bat's-wing and the fish-tail will be still used. la^j 
sitting-rooms which had three ordinary fish-tail burners, on^^H 
incandescent burner consuming 4^ cubic feet per hour will give 
a light equivalent to the three ordinary burners consuming 5 
cubic feel per hour each. The cost of mantles and renewal, 
as well as the first cost of the burner and chimney, have to be 
considered, but after all this has been duly weighed the value 
of the incandescent burner will be appreciated, and the co: 
win be considerably less provided there is no escape of gas from 
the pipes. The mantles should not be allowed to become per 
forated. or very thin before they are renewed, as the great d 
sideratum is to obtain the maximum light for the smallesf 
consumption of gas. If the incandescent burners are subject 
to a draught, there is a distinct earthy, metallic smelE given off 
which is neither pleasant nor desirable. The author has fre 
quently noticed this iti places of worship where the lamps 
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fixed in the aisles, and there was a sweeping current of air frora 
the door being opened frequently to admit Che audience. The 
same smell can be noticed in a sitting-room which has its 
windows opened and the air pressure from the wind is variable. 
The smell and effect are probably the worst features of the in- 
candescent gas burners. It is a distinct gain to have less heat 
and less moisture in the upper part of a sitting-room, hence the 
incandescent burner must be welcome on that account, but the 
value of the electric light is so vastly greater than this, and so 
much more sanitary, tliat any one who has used the latter for 
years feels that he cannot recommend the incandescent gas 
burner even when he has to pay fid. per unit for his electricity. 
If the tenant has not contracted with the Gas Company to 
supply the mantles he can easily renew them himself without 
calling in a plumber, but it is certainly a convenience to the 
ordinary tenant to get bath his gas aud his mantles from the 
Gas Company who will undertake the double duty for him, 

As it will be many years before the electric tight will come 
into use in small towns and villages, the incandescent gas burner* 
will hold its own for a long time, and it may be advisable to 
point out that as the intensity of all white light varies inversely 
as the square of the distance, it i& best and cheapest to so dis- 
tribute the burners as to fulfil the physical requirements. To 
this end, if two or three burners are used in a room, the modern 
practice of placing them against the walls is quite wrong in 
principle. In addition to the trying experience which the eyes 
undergo especially with incandescent burners when they are 
against the chimney-breast and one sits with his feet on the 
fender to read, there is a great loss of light in the centre of the 
room, and a dining-room table can never be made bright and 
cheerful without some additional illumination. For a dining- 
room it is always advisable to fix the lights in the centre and as 
far apart from each other a^ is poiisible under the circumstances. 
The author saw some incandescent burners with pretty opal- 
escent shades so arranged as to throw the light downwards, but 
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the three burners in a group were witbin 6 inches of eacb other. 
In this cast the radiated hght and heat thrown back by the 
burners upon each other and reflected again and again, resuhed 
in the conversion of much light into heat, and to a consequent 
great Eoss of illuminating power. The burners should be 2 feet 
apart in the central gasalier atid as much farther as the design 
of the pendant will allow. If the room is not larger than 18 
feet X 16 feet three incandescent burners fixed in the centre 
and burning 2^ feet each per hour will give a good light. If 
the dining-room is more than 20 feet but under 25 feet long, 
three burners consuming 4 feet per hour each will be ample for 
ordinary use, whilst one burner fixed at either end of the length 
can be used for festive occasions- It will not need much mathe- 
matical calculation to see that neither scientifically nor econom- 
ically is it advisable to fix the burners for lighting any room m 
a dwelling against the walls. It is both cheaper and more 
effective to have a central gasalier In the drawing-room^ whilst 
every care should be taken that no one is compelled to read 
with the intensely white light of the incatidescent burner falling 
direct upon the eyes. As a further precaution the tenant will 
be well advised if he uses globes or chimneys which tone down 
the intense white glare of the incandescent burner. The ground- 
glass globe obscures 25 per cent, or more of the light. The 
opal shade^ if fairly transparent, 40 per cent, of the light, whilst 
the thick, dense, opaque shades from 50 to 60 per cent, of the 
lightr It is far better, therefore, to use a tinted shade as nearly 
transparent as possible for the purpose of toning down the 
white glare. A pink or a green shade — in fact any tinge of 
colour is preferable to the intense white glare, which is bound 
to injure the eyesight in the long tun. This is a very impor- 
tant matter and should receive due attention- 

Since the introduction of the incandescent burner the Ar- 
gand has not been much used. The public are not familiar 
with this variety. It was formerly used in offices and public 
rooms, clubsp etc., but in such cases the electric light has now 
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supplanted the Argand. Those acquainted with condensing 
gas stoves know the Argand, as it is used in one of these which 
has been received by the pubHc with favour. 

A class of gas burnef which appeared at one time Hkely to 
revolutionise lighting by gas had as its object the supply of air 
to the burner, and the subsequent removal of the products of 
combustion without their being allowed to get into the air of 
the room at all. This was a great step in the right direction, 
but it was very difficult to get the closed-in burners to work 
properly in awkward positions, whilst the light was not of high 
illuminating power for the quantity of gas consumed. The 
burner has been tried widely, but electricity is too formidable 
a rival for it to survive the competition. If the construction of 
a dwelling permitted the formation of a central tube or shaft 
running vertically from the centre of the ceiling on the ground 
floor, it would be possible to use a closed-up ventilating burner 
and get rid of the products of combustion altogether, but this 
is not practicable, and the electric light is much more desirable 
for new buildings. 

AcETYLKNE. — When this gas was firat made on a commercial 
scale much hope was entertained that a realty serviceable lllu- 
minanE, which could be prepared very simply and readily from 
a solid material^ had been discoTered. No one anticipated 
that it would ever displace coal-gas, and it was not long before 
it was found that expense prohibited its use even to enrich the 
latter. Now that incandescent burners are so widely used to 
consume coal-gas, the intensity of the light produced is sufficient 
for lighting purposes generally^ and ort this score acetylene is 
no formidable rivah P'or railway carriages and factories where 
there is much vibration, mantles are not suitable, and in these 
cases acetylene is valuable, but providing there is an opportunity 
to generate eleciricity the electric light must have preference.' 

'Thti writer was not a little surprised to lind that acetylene, coal-gas, 
ails, ttc.-, which j^ave a flame, were said lo sterilise mote ait, and in this 
cebpect to be superior to elecuic lighting. Acetylene does not yield %o 
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The question of illuminating dwellings is the only one under 
consideration, and it is to be feared that acetylene cannot be 
strongly recommended for the purpose. Where farrahouseSj 
villas or larger dwellings in the country are concerned, the 
trouble of making and purifying acetylene gas are against its 
adoption, whilst it would, of cour^ie, be necessary to carry gas 
pipes throughout the house as if coal^as were to be employed. 
For large houses and mansions the light is very brilliant, but if 
electficity can be provided it is very questionable whether 
acetylene can be produced so cheaply. Even if it is coticluded 
that the question of cost is on the side of acetylene, it must 
still compete with water-gas, which is more free from impurity, 
and less destructive of valuable articles of viriu, as weH as gold 
and other decorations. The objection urged against the use of 
air saturated with the vapour of gasoline, benzoline, etc., p/s., 
that it is not sufficiently strong smelling to be recognised if 
there is a leak, is not weighty enough, especially as it is possible 
to scent the gas and obviate this. The light emitted by acety- 
lene is both powerful and pure, but a description of the instab 
lation of plant, either for the production of acetylene or of 
water-gas^ does not come within the limits of this treatise. 

In villages and country places the small householder cannot 
have even the advantage of gas, but has to be content with oil 
for lighting. That tenant, however, is not to be pitied, because 
a good oil lamp, even of the old duplex type, affords a nice 
light with little trying effects upon the eyes. It is not a good 

much moiBCufe on burning as coal-gas, but it contdins itfl own volume of 
hydrogen, hence the illurainanta which burn with flame give rise to much 
Rioiatuie, and on this account ensble the bacteriEi in the air ta multiply at 
an enormous tatc, whilst the greatai heat which reaults frotn flame illitrai- 
nants adds much to thtmultipUcaiion of the bacteria. Under the circum- 
stances, therefore, what gain Teaults from the steriliaing of the flames is 
not equal to a tenth of the loss due to the mjUipIication of llie bacteria, 
as the result of the extra moisture and heat formed byilluminantsolher than 
electric lamps. FurthctmOrc, the incandcacent light gives rise to a pecu- 
liar odour due,, probably, to the iiqperfect combustion oforgajiic material. 
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plan to have a low lamp, otherwise any one sitting before it 
feels the radiated heat very strongly^ It is somewhat surprising, 
(hat the ingenuity of the ladies has not been exercised in making 
a raised centre to adintng-roDiu table of about a foot in height, 
so that the lamp or lamps can be installed on that eminence, 
A lamp thcee feet high looks lanky, but one of two feet raised 
upon a pedestal one foot in height will give a good light and 
the radiated heat will not be excessive. Much attention has 
been bestowed upon lamp shades, and especially for those lamps 
which have high stands resting upon the floor. The effects of 
silks of diffecent colours and thickness wi.ll be referred ta in 
detail in the next chapter when considering electric light shades, 
but the tenant who uses oil for illuminating purposes, and who 
surrounds the chimney of the burner with either a globe or a 
shade may profit if it is recognised that opaque shades should 
be discarded, and thick silk and highly coloured material tabooed 
because of the great loss of lights 

The production of a first-rate reliable incandescent oil 
burner will be a boon to those who desire an intense light, but 
as oil is at present so cheap and the oil burners in use so 
effectivej it is best to bear the ills we have and be content for 
a while. Do not buy cheap paraffin oil as it is dear at the 
price. It is a. perfect nuisance to have to sit for hours with a 
paraffin smell pervading the room. The oils of high flashing 
point are free from smell and give a fine light. When judi- 
ciously used, the oil lamp, although it gives a little trouble, is 
cheaper than gas, and the products of combustion are less in- 
jurious. Oil lamps are to be preferred to gas, therefore, for 
lighting. 

There are good geysers made to burn oil, and with care and 
cleanliness they are very effective. Oil cooking ranges are also 
receiving attentionj and there is no reason why the farmer's 
wife should not have a most useful cooker for summer weather. 
Many of the oil stoves are capable of giving good results with 
a little care and attention. The wicks of these stoves should 
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be rubbed gently to remove the burnt carbon, and the reservoirs 
should be kept clean and free from extraneous oil. Oil stoves 
which do not smell are to be preferred to gas for heating bed- 
rooms, halls, etc. The reservoirs of all oil lamps are now 
made of metal, and common-sense forbids glass or anything 
breakable. Even with this provision, however, every precaution 
should be taken, and care exercised to make sure that the screw 
plug of the reservoir is in position, and that the wick is not 
slack enough to allow oil to flow past or even inflammable 
vapour, else, if the lamp is overturned by accident, serious 
results may follow, because it is intensely difficult to extinguish 
paraffin once it is alight. Make a point of trimming and filling 
oil lamps dy daylight. 
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Whkhe the electric li^ht is iiiHtnlhod it in |to»nililr tn unc llic 
current for ventJlatii'iig purposes aii wel1< In a ninnll tuukHC iw 
villa lit by electricity it is questionnlilc whether it will pay ilie 
tenant to have a sepomte meter and wiring for ilrivinH a Kmnll 
fan wbicli he will use in llu' siuhiiht In crcnlc a i;tuit*nl of Jiir 
in his living-room. The amount uf electricity cnnmitncil hy a 
lo-inch fan is so small uiid itic niiml^cr of hotin whrn ll Ih 
actually required in i\m rhmiUc so lew llmt ilic (mil nmy ha 
driven from the ordinary current and fillinuN iinctl for liffliLltm. 
Small fans can be purchased chcuply, iind if iIicnc tir*.' i.'inpliiyrd 
in a manner calculated lo renew ihc ntinuijjhuic in iIk' ickuh n« 
well as create a current ihey can he lurncd lu iiachil purputp. 
h is well to fcmember that u current uf air iti horiiL> IjchI with* 
out giving rise to colds if it f>luwH lowardtt one's lace, hilt it [h 
not at all wi»c to Kit in n-iiiit of a hit. Sutiic: poriinnn prefer lo 
sit sidfiways, but when either poHition iiN selected it i> ({ulto 
possible that the air will he nimply rhurnctd over and over 
without changing the atmosphere in the room. TIic omcIIIhiImh 
fan ;^ivc9 rise to a very agteefihlc brccxc, hut it dues not rLni:w 
the air of the room appreciably. Aa a current prurluccr It 1* 
superior lo the fixed fan because the prcHurc upon the olr I* 
not exerted in cmly one- direction, but VArlc* at every pt>lnt of 
the oscillatory radju«. A much l>ettcr plan Im to make mire 
that the air is changed by the fan's action. Oprti iJir d^HM ul 
the room and the window farlhcit from tin: door. Oj^cm u 
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window or a door at the other side of the house with a free 
way through, and if there is a good breeze passing, the fan will 
not be required. Should the He or construction of the house 
prevent a current of air moving naturally, one may be set up 
by making the fan face the open doorway and force air through 
it, or face the window and force air through that. In the 
former case the air so moved will be partly replenished from 
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Fio. ia. — Electric Fan with OscOlattng Base. 

the window, and any one sitting near can experience a most 
refreshing breeze. The strength of the breeze can be regulated 
both by the rate at which the fan moves and by the distance 
the fan is fixed from the doorway. This is the best method of 
using a small fan. It need hardly be mentioned that the fan 
should be switched off when the occupants leave the room, or 
the moment it is not required. By carefully doing this in the 
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case of the lamps also it is surprising how the electric light 
a.ccount is lessened. 

In those cases where the tenant uses electric heaters or 
cookers and expense is subservient to comfort* the electric fan 
can take the place of the heater in summer, and ft breeze be 
obtained in the bedroom as well as fn the living-room. To 
obtain the current of air it is much better to cause the fan to 
blow away from the bed towards the witidow than to simply 
give rise to a current moving direct against the head of the bed 
The fan should stand a feet above the bed and close to the 
bottom rail. If there is a dooiway leading through the wall 
against which the bed is placed, it 
is possible to create a current by 
blowing slantwise through the 
door. A httle ingenuity will enable 
the occupant to use the fan both 
for ventilating and refreshing pur- 
poi^es. Fig. 33 shows one of the 
fans used for the table, and which 
can be placed so as to obtain the 
currents mentioned. It has four 
speeds, and a regulator switch. 
It is shown in the figure standing 
upon an oscillating base which makes it an oscillating fan. By 
taking the fan off the base it can be employed to drive air out 
of a door or window or in any one direction as mcniioned 
above. Fig^ a^ show^ an electric fan held in a frame. Fans 
arranged in frames for Eixing against walls can be employed in 
large rooms, if required, but they arc seldom necessary in 
private dweihngs, except in the case of w.c.'s, where they are 
valuable. In the latter case one speed only is required, and a 
lo-iiich fan is quite large enough for a single w.c. 

For summer use the value of the fii/nka/t is not fully uridcr- 
atood. The temperature is so variable in this country tliat 
cool breei;es are not appreciated in the same measure as they 
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are in India, and the possibility of obtaining a breeze naturally 
is another reason why the punkah is not so much sought after. 
When doors and windows are kept open in a room in hot 
weather a punkah not only gives a movement to the air which 
is refreshing, but causes a considerable change of atmosphere> 
If electricity is used to gently move a punkah of considerable 
size, no greater effect can be accomplished for the expenditure 
of so small a power. The refreshing character of a breeze is 
proportional to the irregularity of the pressure rather than to 
the steady and continuous current. 

It will probably be a long time before heating by the 
electric current will be much adopted. Not that electric 
^beating is undesirable, because we cannot conceive anything 
'more sanitary, or more readily adjustable to the variable tem- 
perattirea experienced in this country. The next best method 
of heating, by hot water, is alike free from deleterious products, 
but it is less easily and rapidly adapted to the circumstances of 
a rising thermometer, and for supplying just a v^ery small amount 
of heat when required. Whilst, however, electric heating in 
dwellings is so desirable for tetnperatures above 50' F., the 
apparatus for the purpose is both expensive to buy and costly 
to maintain. An electric heater with four lamps consuming 
two units of electricity per hour will heat a room 16 x 14 
feet having a register open, when the temperature of the air 
outside is 50'' F. This means 4d. per hour with electricity at 
2d. per unit — an expensive luxury if used for ten hours per 
day. When the temperature outside is at or below freezing 
point, the electric heater with four lamps is of little value, as 
the heat evolved is so inadequate. The author was surprised 
at the great ingenuity of the vendors of one such heater, who 
tried to give him a learned dissertation upon the unique char- 
acter of the radiant heat which was given off by the electric 
tubes. This was likened to the radiations from the sun, and 
it was alleged th.it there were no radiations like these emanated 
in any other form of heating. When asked what all this 
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dissertation was for, they politely informed him that the short 
lecture was given for the purpose of allowing the radiant heat 
to warm the body, so that the warmth evolved might be ap- 
preciated. It is well to warn the purchaser that the radiant 
beat from the glow-tube radiator is like all radiant heat of the 
same intensity, and that what the vendor stated was not correct. 
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The radiations emitted by a fire are of tbe same kind and quality. 
Such radiations are healthy and desirable, but at present they 
are very dear at the price. Those who have the electric light 
installed will find an electric heater^ like Fig. 24, excellent for 
■warming a bedroom. Unfortunately for the consumer it is 
necKsary to-day to have two meters where electricity is used 
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for heating as well as lighting, and it involves also two separate 
services of wire throughout the main portion of the house. 
This, of coursef adds to the expense and makes electric heating 
less hkely lo become general. The electric heafer does not 
contaminate the air of a room, and on this account, if the latter 
i& not occupied at the time, every window, door, register^ 
chimney-breast ventilator and all inlets and outlets should be 
carefully closed, so that the ladiations from the healer shall 
warm the walls as much as possibles and prevent the warmed 
air from escaping. When the occupants enter, if only two or 
three, the chimney -breast ventilator should be opened just a 
little, whilst, should the register close badly, it ought to be 
packed wiih canvas or other material to make it as air-Hght as 
possible. By a little scheming of this kind the heating power 
of the electric tubes can be turned to the beat account, and the 
expense will not be so apparent. 

Electric radiators having glow tubes like Fig* 24 are being 
adopted somewhat widely for heating livirig-rooms in flats and 
houses, also city offices. When the electricity bill comes to 
hand after a winter quarter it is probable the amount will be 
greater than the tenant expected, and the vendors of the electric 
current ought to reduce the price by one-half in order to make 
electric heating more practicable. A number of electric glow 
tubes can be made up so as to form a large battery for heating 
the air supply, and this has been done already to sotne dsning- 
and smoking-rooms in hotels and clubs. As these heaters can 
be switched on or off as required, they need only be at work 
just at the necessary time during mild weather. In severe 
weather, however, the heating must be commenced some time 
before the room is occupied, otherwise, owing to the walls being 
cold, the incoming air will lose its heat and descend in a most 
unpleasant fashion. I'he heated air has to be driven into the 
room, perhaps, through the cornice on one side and out of the 
cornice on the other side, assisted, it may be, by another fan 
which aspirates upon the outlets. In one or two instances the 
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air has been washed and oionised, hut in dwellings^ such pre- 
cautions will rarely be adopted. As the air supply generally 
leaks into an apartment around window sashes and doors, it 
would not be easy to ozonify the air as it eniered through the 
inlets, but the air in the room could be electrified if it was de- 
sirable. It does not seenij howevcTj from present ktiowledge, 
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Fig. 35. — ESectiic Conveclor, 

that any benefit would accrue, whilst it \s not at all certain that 
ill results would not follow. 

There are other electric heaters on the market besides those 
having large lamps or glow tubes. Figs. 25 and 26 represent 
two of the best. Some persons object to electric heaters of 
these patterns because they do not emit their maximum temper- 
ature for some time after the current is turned on. This is the 
case with the glow-tube radiator but not to the same extent. 
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In radiators like Figs. 25 and 26 practically all the electricity 
is converted itito heat and there is no loss, but in using radi- 
alOTs of this kind it rs best to work tbem at half power, and 
employ two instead of one, so as to get more heating surface. 
All radiators shouid be constructed to present the heating sur- 
face to the air, so that the latter can escape into the rising 
current the moment it has touched the heated surface. Heaters 

of the horizontal pattern 
used upon passenger 
steamers are well adapted 
for the purpose, especi- 
ally those having holes 
through them like a ven- 
tilating grid. 

As will be shown in 
chapters xi. and xii., 
the economical heating 
power of a radiator de- 
pends greatly upon the 
exposure of a large sur- 
face at a comparatively 
low temperature, and the 
manufacturer of electric 
heaters will act wisely if 
he keeps this fact in 
mind. The great point 
in electric, as in all Sieat^ 
ingj is to waina the air at the floor level, so that the temperature 
there shall not be many degrees lower than it is near the ceil- 
ing, and in order that this may be done the heater should be 
low and long. 

Electric ovens and cookers have been tried, but the cost of 
the electric current is prohibitive. The price charged for these 
ovens must be necessarily high, and, as in the case of other 
electric heaters, it is to be regretted that the cost of the current 
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makes what would be otherwise a great boon to the public 
prohibitive and regarded at present as a luxury. It is quite 
possible for manufacturers to construct compact ovens pro- 
tected by good non-conducting material, so that practically all 
the heat generated shall be used up for the purpose in view. 
On account of the great waste of fuel in coal ranges when they 
are forced for cooking, it would be quite possible for electricity 
to compete with a coal cooking range, and not be more costly, 
provided the current producer sold it at a small margin above the 
expense of production. As the electric cooker will not heat the 
kitchen nor the house much in summer, the tenant might pay a 
tittle extra for the benefit. In using electricity for heating it is 
quite possible to make the most of iC in all operations and to 



Fig. 37. — Electric Curler- 
apply it just at the points where it would give the highest results. 
The misfortune is that the aciua! quantity is so small. It has 
been mentioned already that heat from electricity is always ob- 
tained by subjecting the latter to great resistance. The current 
tries to overcome this resistance, and in the struggle electricity 
is converted into heat, and if the heat is intense enough light 
results. This is the case in the Swan lamp, it is the caS'C in the 
electric glow-tube heater, it is the case in the copper strip as 
well as in the platinum foil heaters for cookers and boilers. The 
electric heaters for ironing hats and clothes, for warming hair 
curlers, Fig. 37^ etc., act on the same resistance principle; it 
is only a question of the different material used to "regigt". 
There is an electric grill, an electric kettle, Fig. 28, an electric 

II 
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Qat-tron, Fig. ag, an electric plate- warmer, etc., on the market, 
and these are very nice and serviceable — the first cost and 
subsequent expense in working being the only driawbacks. 

Some idea of the coat of electricity for heating purposes 
would be acceptablcj but there are many difficulties in estimating 
this. If we compare heating by hot water with heating by 
electricity, it may be taken as approximately certain that the 
cost of the latter is at least thirty times as much. To compare 
electricity with a coai fire for heating is not an easy matter, be- 
cause, besides the effective heat thrown off into the roo;n by the 
(ire, some account must he taken of the ventilating force which 
the heat escaping up the chimney produces. Under the cir- 
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Fig. ^.— Electric Flai-iroti. 



cumstances, however, one cannot say that heating by electricity 
15 less than ten times as costly as a coal fire. The difference 
between the cost of heating by gas and by electricity, when the 
Ovens are carefully protected by non-conducting material, would 
be from two to four times in favour of gas according to the price 
charged for gas and for the electric current. These estimates 
are based upon a charge of 2d. per Board of Trade unit for the 
electricity used for heating. 

Electricity is, undoubtedly, the power of the future as w 
as the medium for heat and light. A really up-to-date house 
WDuM not be complete without electric lifts frotn the kitchen, 
and some are provided with passenger lifts even to the rooms 



ICA ■ 




LIGHTING BV ELECTRICITY. 



above, but there is no question that the electric light should be 
installed in all new houses if the current can be obtained. One 
might go as far as lo state, too. that should the tenant require 
to supplement the coal coolting range for the summer time oe 
part of it, and there was no gas in the house, an electric cooker 
could be installed. Or an oil cooker could be employedi and 
this would be easily manageable in suburban villas and all 
dwellings which had a reasonable place for storing a gallon 
of oil. There was a time when it was thought to be unsafe to 
dispense with the gas burner for fear the electric current should 
f^l, but that time has passed, and if an accident should happen 
it is not difficult, when a little oil is at hand^ to supplj a light for 
a few minutes, or a few candles will tide over the difficulty. 

Sonie people dread having gas in their houses, and the above 
remarks are made to assure such that if the electric light has 
been installed the objection to the use of the coal range in 
summer can be overcome without much difficulty by using oil^ 
if the extra cost of an electric cooker is an insuperable objection. 

Whatever difficulties may be in the way of using electricity 
for warming rooms or for cooking purposes, no such hindrances 
occur in the employment of electricity for lighting. The electric 
light as used most generally now in dwellings is obtained from 
a carbon filament Bxed inside a glass globe in which there is 
nearly a perfect vacuum. This carbon filament is rendered 
incandescent by the electric current for the reason already 
explained. The copper wires of the electric currents are very 
good conductors of electricity, and a powerful current will travel 
along a small wire even without giving rise to an appreciable 
amount of heat. This shows that the electricity does not 
encounter much friction or meet with much resistance in its 
passage along a copper wire, but when that same current comes 
in contact with a thin carbon filament it passes along with 
extreme difficulty, and meets with so much resistance that the 
electric current is converted into heat, and the carbon is made 
white hot in consequence and gives light. A pure carbon fila- 
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ment gives a white gkre which, like the incandescent mantle of 
the gas burner, is very trying to the eye. By addmg a trace of 
common salt to the carbon filainenC or the materia] from which 
it ts made, the white glare is removed from the lainp^ and the 
eye can stand the slightly yellow light without injury. The 
one drawback to the use of a clear glass globe is that the fila- 
ment in either an eight or sixteen candle-power vacuous tube 
is so very ihread-like in size that the incandescent carbon is 
somewhat trying to the eye. This can be overcome and the 
filament obscured by grinding the outside of the glass globe, 
but there is a loss of 35 per cent, of the light in so doing. If 
the lights in a room are fixed upon a central electrolier and are 
a[ the back of the person who faces the fire-place when reading, 
clear glass lamps can be used, and the filament will not be mani- 
fest to the eyes if the electrolier is raised a foot or two above 
the head of the reader. Or a shade can surround the lampsi 

tso that if necessary the hght can be lowered within a foot of 
the book that is being read, of the writing or other work which 
is being done. If money is no object, the tenant may place 
his lamps where he likes, and as many of them as he pleases. 
Those who desire to ensure the porosity of the ceilings to air 
and keep them white may have an elaborate design worked 
out in plaster more or less raised to be effective and finished 
off dead white. In this case the electric lamps can be fixed 
close to the ceiling without fittings which will cast shadows, and 
the apartment lit by the diffused light reflected from above. 
■ This is a costly way of lighting, but it is a very pleasant and 
effective method notwithstanding, whilst for the eyes it is cer- 
tainly the most restful of all. Reflected light from the ceiling 
is not more expensive than what might be termed the Chinese 
lantern or pantomimic method of lighting living-rooms. This 
is regarded as something £hk by the ordinary plumber who has 
developed into an electrical engineer with the advent of electric 
wiring and lighting of houses, and consists of a number of 
single lights fixed to brackets on the walls, the lights being 
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covered witli coloured shades which imitate petals and flowers- 
From the centre there may hang a cumbrous electrolier having 
some lamps near the ceiling to light it, and other lamps nearer ■ 
the floor to light the lower part of the room. These lower lights 
are surrounded with a thick red or yellow silk shade, rendering 
them of small illuminating value. The writer has seen many 
such rooms, small and large, having six to twenty lanips or more, 
and one such room not larger than i8 x 15 feet with ten lamps 
had shades of dense cardinal red material, the effect of which 
reminded one of the red glare produced by burning a strontium 
compound tn a pantomiine. The ten lamps did not give a 
light of as much intensity as four clear lamps without a shade 
would have done, whilst the theatrical results produced were as 
devoid of good taste as they were wasteful and costly. Many 
tenants of small flats or villas pay from JJJ15 to ^20 per annum 
for their electric Jightj and when these are asked what electricity 
costs it is at once and naturally set down as an expensive item^ 
if not a luxury. In some cases rooms are lit from brackets on 
the walls without a central electroliier, the centre of the room 
being illuminated by a number of single lamps suspended from 
the ceiling at a distat^ce of 4 feet perhaps from the walls. It is 
certainly cheaper to light a room by bringing the lamps within 6 
or 7 feet of the floor than to hang them higher up, and as electric 
lighting adapts itself more easily and economically to ready 
distribution of the lamps so as to fulfil the physical conditions 
necessary to secure a uniform lighting effect, this consideration 
is well worth a little further inquiry. The quantity of light 
which any surface in a room receives from a lamp will vary 
inversely as the square of the distance from that lamp. In 
other words, if a lamp is held by a bracket close to a wall, and 
at one foot distance the light is equal to eight candles, the illumin- 
ating power will not be equal to four candles at 3 feet or twice 
the distance, but only two candles. The reason of this is simply 
because the rays have dispersed so as to cover four times the 
same area. When the lamps are fixed close to walls, and the 
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room is, fox example, 15^ feet wide^ there would be a distance 
of 7 feet from the lamps on either side to the centre of the room. 
The Jtays of light in their dispersion would fall upon a surface 
thirty-six times as large in the centre of the room &s they did 
at one foot from the lamp in question. It is not necessary to 
complicate the matter under consideration by noting how the 
rays froro one lamp cross those from another and so on, suffice 
it to say that the illuminating power would be greatly reduced 
in the centre of the room. If the walls of a. room were painted 
or papered dead white, much of the light which feU upon them 
from the lamps close by would be reflected back into the apart- 
ment, and add to the illuminating power, but the tenant will 
not tolerate dead white, cold-looking walls in living-rooms, and 

it is certain that the papers and 
decorations used to-day absorb the 
greater part of the light, the strong 
light falling upon them^ and there 
is much loss resulting from the 
lamps being fixed near the walls. 
The question might be asked, 
" Where should the lamps be fixed 
in order to fulfil the physical re- 
quirements?" Let Fig. 30 represent the plan of a room 16 x 14 
feet. The fire-place is at F, and the occupants will sit chiefly 
within 6 feet on either side. Less light will be required at the 
ends of the room, EE, than near the centre, so that if two lights 
are suspended as shown by the dots 4 feet from the wall on either 
long side of the room, there will be about a& much light in the 
centre as there is next the longest walls. In fact, there is a fairly 
even distribution of light. We are now discussing light not 
coloured or toned down by shades, If there must be shades 
which descend below the lamps, then such a room will require six 
lights. If the tamps are clear, and nice opaltne or other reason- 
ably transparent shades are used which allow the light to diffuse 
readily sideways as well as downwards, four lamps of even ejghl 
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4 



LIGHTING BY ELECTRICITV. 



i6; 



Candle-power eich are ample. Now the occupants raiely sil 
nearer than a feet to the wall, even in an arm-chair by the &re» 
whilst 4 feet at either end of the room is mostly unused unless 
the family is very laa^e, hence the light within a feet of the wall 
is QOt of much consequence. The family sit, however, with 
their backs close to the table in a dining-room, or within a 
distance of 3 or 4 feet from the fire. If the illumination of 
the outer width near the walls is ignored, as it may be, and 
the lamps are closed towards the centre 2 feet on either side 
and 3 feel at each end^ what happens ? The lamps will then 
occupy just the position which they did in the old-fashioned 
four-light gasalier of fifty years ago. Out forefathers were not 
so stupid as some of us suppose them to have been. It was 
mentioned in the last chapter that the gas lights should be 2 
feet apart, and it has just been noticed that by the last arrange- 
ment the electric lamps would be about that distance when four 
of eight candle-power were tised. Four single lamps indepen- 
dently suspended from the ceiling at a distance of 2 feet would 
not look well, hence the central electrolier will be found to be the 
most serviceable as well as the most elegant. What was stated 
about the incandescent ^is burner in the last chapter, that it is 
best to have the light behind the back when one reads, so as 
not to try the eyes, is a further inducement to depend upon a 
central electrolier for the principal lighting of a room. The 
wiring of the electric light enables the central electrolier to be 
raised or lowered with great readiness, and it is a very decided 
advantage to be able to do this. It has been seen how greatly 
distance reduces the power of a light, hence the privilege of 
being able to bring the lamps close to the table when one is at 
work there. 

A word of caution is necessary with r^;ard to the number of 
lamps and their candle-power which are required in living and 
other rooms- If the house is to be wired by those who supply 
the electricity, and there is to be an aiiDual charge or additional 
percexi^e to pay upon each unit consumed, it stands to reason 
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that it will be lo the benefit of the wiriog company to put in as 
ma.ny lamps as possible of the highest candle-power, and the 
tenant has to pay the piper. Moral— Wire the house yourself, 
and if it is your own do it under any circumstances. If the 
house should become empty — welK the wiring company will 
have the best of the bargain. If the house is not your own, 
and the landlord has given his consent to have the wiring done, 
avoid unnecessary lamps. To this end it may be useful to state 
frotn many years' personal use and experience of the electric 
light what lamps are required. A strong glare is to be avoided, 
and is generally regarded as detrimental to the eyesight. Still, 
it is possible to have nice quiet light of ample intensity, and by 
using the same lamp-holders lo have a flare up or bright illumin- 
ation if the tenant desires. If you have to order the wiring to 
be done, make sure that the electrical engineer employed does 
not join up too many wires in one circuit It is better to have an 
extra csrcuitj bo that when one substitutes sixteen candle-power 
lamps for those of eight candle-power, the quantity of electricity 
shall not be too much for the safe working of any circuit. The 
room is lo feet square — one lamp of sixteen candle-power will 
light it nicely. But two lamps of eight candle-power consuming 
say the same amount of current will light it better, and, further- 
more, the tenant can have "sunlight illumination" by chang- 
ing the eight and placing sixteen candle-power lamps in their 
places. With regard to the two eight candle-power lamps being 
better than one sixteen candle-power lamp, the reason has been 
noticed already. Thus, if, as it was shown, the light at one foot 
from 3 lamp is eight candles and at 2 feet distance only two 
candles, it would be much more economical to use twice as 
many lamps of small illuminating power instead of half the num- 
ber of double the value. In a room not larger than 14X 12 
feet two eight candle-power lamps renewed at Christmas, Lady 
Day and Michaelmas Day will give a reasonable light if good 
English lamps are used, but with three the light will be 
ample. Three good lamps of eight candle-power alight at 
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one time will illumine a room cS x 15 feet reasonably well 
if the lamps are renewed as above, and are not the common 
rubbish of foreign make which flood the English market, 
but with four lamps the Kght will be perfect. Avoid the 
cheap and nasty lamps which may be purchased for gd. each. 
A good English make which is not blackened after using a 
tDOEth is cheaper at is. 3d. If one make of lamp does not 
resist becoming black, try another, as it is most important to 
avoid this imperfection. \Vhiist on the question of the number 
of lamps it will be best to mention each room separately. The 
dining-room is 20 x 15 feet — 
select a nice electrolier which can 
be raised and lowered, unless the 
tenant prefers a fixed pendant of 
elaborate iron workmanship. If 
he does, let it be hxed so that 
the bottom of the lowest lamp is 
6 feet 6 inches from the floor. 
Four lamps of eight candle-power 
will light the room rather much 
when ihey are new, and if he 
wishes to light the room eco- 
nomically he will see that there 
are two switches. On one there 
is only [he lowest lamp— the electrolier having three arms 
and one centra! lamp below the other three— on the other 
switch there are three lamps. Fig. 31, which represents a 
simple four-light electrolier, shows how the lamps are arranged 
with the one hanging down from the centre. When the other 
three otily are lit the appearance is all right, and when only the 
lower lamp is lit the purpose thereof is manifest. The wisdom 
of this arrangement will be seen in this> that when the room is 
not occupied and the housemaid is laying the table, the single 
light only is used. If a quiet family meal is being served, the 
one lamp ts switched off, the other three(eight candle-power each) 



Fig. 31. — ElectTolio- wiili 
Foal Lamps. 
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giving a very nice light. For a bright illumination one sixteen 
candle-power lamp is placed instead of the eight candle-power 
lamp in the centre, and the four lamps used. If all sixteen candle- 
poweif lamps are subsCitutedi the light ■will be unreasonably bright. 
For a drawing-room 20 ^ 15 feet a similar arrangeinetil in which 
the electrolier has four lamps upon two switches is the best> 
In addition to the four lamps there should be a plug by means 
of which a movable lamp for use at the piano can be attached- 
If a sixteeti candle-power lamp is used for the central light, this 
and the piano lamp will be enough when no one is reading in 
the quiet family circle. If the rooms are not nnore than 22 feet 
long a five-light electrolier arranged on at least two switches;, the 
central lamp being on one switch, will light it from the centre. 
Of the four-lamp electrolier may be used in the centre and one 
eight candle-power lamp upon a bracket at either end of the 
length of the room. When the room exceeds 22 feet a lamp 
should either be hung ftom the ceiling 2 feet from the wall or 
be fixed upon brackets near the wall at either end of the length. 
The author experimented for years with the Swan lamp for 
electric lighting, to see jf electricity could be used so that it will 
compare favourably in price with gas. The point desired was 
to obtain the maximum light with the smallest expenditure of 
current. As the result of these experiments it is recommended 
that nearly all the new lamps do duty first in the room most 
generally occupied by the family. It is a capital plan to change 
the eight candle-power lamps frequently during the long even- 
ings, say on ist October, 15th December, ist February and ist 
April, and if this 15 done three lamps in a room 18 x 15 feet will 
give a very pleasant and cheerful light.' A silk shade over the 



' It is. aBsumcd, of course, that the voltage i& neither bclpw nor atiove 
that stated by the company supplying the electric current, and that their 
dynamos axe suSiciently powerful to cope with the demand. If the current 
\% said to be -iOQ axid it i& only 189 the lamps will not give thefr full Lllumin- 
Bting vaJue. On the other hand, if the current ib irregular, and trequently 
above 20a, the lamps will be soon destroyed- 



LiGHTtNG BY BLECTRICTTV, 



I/I 



piano lamp in tbe drawing-room and another over a reading 

lamp may be used if necessary, but no silk or other shade which 
greatly obscures or hides the light. The lamps in the drawing- 
room should be changed immediately one is blackened, but if 
renewed in; other parts of the house those previously employed 
from one to two months tn the room most used, and which are 
not blackened, are put in position. New lamps should be used 
for the kitchen and changed frequently. The lamp in the hall 
should be sixteen candle-power for a bal! 6 feet wide, but a lamp 
of eight candle-power will do in a hall 3 feet 6 inches or 4 feet 
wide. The shade surrounding these lamps should not be very 
obscure. If the front lobby opens out into a spacious hall 14 
X 12 feet or more, a beaten iron or brass bar having a lamp 
at either end and another hanging from the centre is serviceable. 
If the centre lamp is of sixteen candle-power it will be quite 
enough unless the hall is to be used to sit in^ when the other 
two could be snitched on. Indeed, the three lamps mi^hl l^e 
of eight candle-powerf and one will give quite enough light lo 
enable the occupants to enter or leave the house. If the kitchen 
is large, a sixteen candle-power lamp 5 feet from the Boor and 
hanging from the centre of the ceiling will be enough. Two eight 
candle-power lamps will be tnore effective. If the kitchen is 
not more than 12 k 10 feet, one lamp about twelve candle-power 
OT two lamps of five candle-power each will be sufficient. One 
eight candle-power lamp renswed frequently will give a good hght 
in a kitchen not more than to feet square. One eight candle 
power lamp will be quite enough in a small bedroom, or in the 
bedrooms generally, if placed immediately over the dressing- 
table and not more than 6 feet from the floor. In the best bed- 
rooms it is very pleasant to have one lamp on a bracket above 
the centre of tbe head of the bed, and one lamp over the dressing- 
table, whilst under the latter and through the top a wire is carried 
so as to supply current either to attach a hair curler, Fig. 37, 
p. 161, for the ladies' convenience, or for an electric kettle, 
Fig. aSj p. ifis, to make a cup of tea or heat water for shaving. 
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If the plug socket is fixed upon the top of the dressing-table, 
tbe plug of the kettle or of the curler may be interchanged. 
The lamp above the dressing-table may be of sixteen candSe- 
power, isnd one lamp here is ample: The lamp nt the head of 
the bed can also be turned on if desired, I.anips of eight candle- 
power each can be used and will be found quite serviceable. 
As the offices and small rooms use most current compared with 
the number oflamps aliyht, it is most essential that these should 
be duly cot^sidered If the tenant is going to keep his bill 
down. The author has the electric light in all offices and in the 
servants' rooms. In the w.c.'s five candle-power lamps are used, 
and these are made for a higher voltage than that of the current 
supphed. For instance, the voltage of the current is zoo, the 
five candle-power lamps are of a high zio vokage. In the 
housemaid's pantry the latnp is hung right over the work, and 
is five candle-power, 210 voltage. The scullery has a five 
candle-power lamp fixed right over the sink. Five candle-power 
lamps are used on the landing and half landing, in the dressing- 
rooms, and in the furnace-room of the hot-water apparatus. By 
using these high voltage five candle-power lamps, the consump- 
tion of the current is reduced considerably — over 100 units per 
annum, The advantage of using the five candle-power lamps 
ofa higher volti^e than the current consumed is this — the lamps 
will last for a long time, years perhaps, and less current will be 
used than if the lamp corresponds with the current, Of course, 
the light is not so great, but in the small places mentioned a light 
giving a couple of candles is quite enough. Where the author 
is now living, the charge for the current is 6d. per unit, less 10 
per cent, allowed for the tenant's wiring. A discount of 7J per 
cent, off the amount of the gas bill is allowed if the latter is paid 
within two months. The reader will see that there is no ad- 
vantage given to the consumer who uses most current, neither 
is there any advantage under this arrangement to keep the 
number of lamps as low as possible — hence the reason why the 
switches and candle-power of the lamps have been so planned 
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as to consume the smallest current, It in to the author's ad* 
vantage to have lights throughout Ehe house, wm'x^ the lowest 
candle-power lamps of higher vokage than ihc irurrenl so ua in 
consume leas- This is the moat economical plan thnt the aullnjr 
could devise, and he cannot see a belter plan now. A« in iho 
cost. There are twenty-eight lamps and Ihriv |<hi|.(n in the 
house, and the following figures show the churg'eH paid lor the 
four quarters of a year. 

For the qaartcr ending December, igoj . 
„ ,, March, igo^ , 

„ ,, June, igo4 . 

„ „ Ht|ilembec, 1904 . 



These figure include charge for meter alno, hut £,i nIhimIiI f»rt 
added Eo cover the cobI of latnp« for the year. 

In the living-rooraB mentioned above, proviiion i* nude for 
more eight candle-power lamps llian are Kenerftlly uiedi «o that 
those who require a stronger light can turn on the two iwitchea 
and use the full complement of lampK, When thcfe are lit the 
illumination is bright. 

The charge for the current varies In dilTerenl towni, and 10 
do the arrangements and regulations applying iherelo, When 
the writer lived in Hampetead experiment)): were tried thcrcr to 
see lo what extent electric lighting was dearer than gav. The 
result of these trials, extending over ftve years, «howed that if 
the electric current was used carefully, and the lampi changed 
frequently on the plan given above, the cost compared fiivour- 
ably with gas. whilst the extra comfort and cleanlincM were 
beyond dispute. The method of charging for the current 
differed from that in force in Beckenham, and, apart from 
the possibility of the tenant increasing hie bill in a moment 
by simply switching on all the lamps, is regarded a» a very 
satisfactory arrangement. It was aa follows ",— 



F74 VEN" 

" The metcr^re^der wilS read the indicatCr Once a ntonth, frOm October 
to March, mclui^iwe. 

"The coneuTncT wll! be charged 6d, p«r unit until he has coneumed 
a ceitiiin minimum number of units in «acti half-year, ij., January to 
June, aiid July to Deceinber, respectively. 

"* The above-mentioned minimuin is the number of unita the con- 
aumet would have used if he had consumed his average maximum current 
for one hour each day during the half-year, such 'average maximum 
current' being tlie average of the three readings of the demand indieatoi 
taken during the half-year. The charge for current consumed during the 
half-year in excess of the minimum number of unii& as defined above will 
be 2|d. per unitn" 

Before concluding ttiis chapter it will be well to refer to the 
shades used for electric lamps. If they are required simply to 
prevent light being diffused in all directions, and concentrated 
in one part of the room, aay strong metallic or other reflecting 
surface will be found useful. For kitchens and other offices 
iron shades enamelled white underneath will answer well for 
directing the light downwards. For living-rooms, shades are 
used most frequently for surrounding the lamps in the electrolier 
with a view to toning down the light, or around each single 
larap^ either for the same purpose or for effect. The shades 
selected should be as transparent as possible, as the amount of 
light ob&cured by them will vary from 30 to 75 per cent. The 
silk for shades should be either of the fine Japanese or Chinese 
make, because more light passes through these than through 
the other binds, Heavy^ dark dyes should not be selected, but 
those which are like the material, almost transparent. When 
one considers the colour and opacity of the shades for single 
lamps, be they imitations of flowers or otherwise, it is found 
that they rob 50 per cent,, if not more, of the light. Indeed, 
many of these shades reduce the light by fully 75 per cent. 
Where a lamp is covered with a shade with a view to its being 
used for reading or for the piano, and the light will only be 
required to be thrown dovmwards, the silk need not be so 
transparent. The frame upon which the silk shade rests may 
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Carry a powerful reflector underneath with advantage, so that 
the light may be concentrated in the direction required. 

The tenant is strongly urged to avoid using silk shades for 
lamps. They are dust and ^erm traps. If eight candle-power 
lamps are employed, the intensity of the light is not great, and 
no weariness of the eyes will be experienced when naked lamps 
are used, if they are fixed in the proper positions. The lamps 
and shades should be kept clean, and it will be found that 
much more light will be given by the former if the glass, portion 
is carefully washed- To do this remove the lamps from the 
holders, but on no account must the brass portion of the lamp 
or any of the connections be made wet. 

An electrical exhibition was held in London at the Olympia 
last autumn and the most up to date apparatus was shown. 
Of electrical fans, nothing novel was exhibited. Apparatus for 
heating was largely represented, and it is satisfactory to note 
that some of the producers are supplyitjg electricity now for 
heating purposes as low as one penny per unit thus making 
electric heatmg much more practicable- For hghting small 
spaces such as rooms in dwellings the ordinary Swan vacuum 
lamp still holds Us own and the reason others are not men- 
tioned is because no lamp is so suitable^ so quick in action 
and so reliable for the purpose. Tenants may discard those 
lamps which are said to give much more h'ght and consume less 
current, and the information on lighting given in the preceding 
pages is still up to date. 
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Heating by hot water is the moat pleasant and eiTective method 
of warming dwellings from a practical and economic point of 
view. It is not more heaithy, nor is it so easily regulated as 
electric radiators, but the latter are too expensive for heating a 
house. Compared with the actual heat distributed, there is no 
other method of warming which is so cheap and reliable. Only 
those who have used hot water for heating a house throughout, 
year after year, can adequately realise the unspeakable comfort 
of having halls, passages and bedrooms warmed to the tempera- 
ture which one desires. Those who live in viHadom only on 
rare occasions keep fires going in two sitting-rooms when the 
drawing-room and dining-room are alight, so that if any opera- 
tion has to be; performed in a room other than that in which the 
lire is burningj the cold in winter may be both unendurable and 
dangerous. The tenant of a bouse with three or more sitting- 
rooms can, if these be heated by hot water, use whichever he 
likes at any time of the day or night* If he has a den or study, 
and wants to write or smoke, he can do this with comfort and 
without inconvenience to any one else, whilst his wife can use 
the drawing-room at any time also. If there are children, and 
they are allowed on wet days to wander and play in the land- 
ings upstairs as well as in their nursery, the temperature is 
uniform, and there is no fear of catching colds. In the early 
morning, when the children wake with the Hghtj they do not 
have to go into a room which is frigid^ and all the more cold 
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because the fire has just been Ht. The heat has been on all 
night, and the walls are warm and the room is comfortable even 
in the early morning. If a child is ill at night, and the nurse or 
mother has to take it into the day nursery or Into any other 
room, that room is always ready without the necessity of light- 
ing a fire. 

These are some of the benefits which are enjoyed by those 
who have their houses heated by hot water, and, as the opera- 
tion is neither costly not difl&cult to superintend, one is not a 
little surprised at first to find that so few houses are warmed in 
this way. The question might reasonably be asked, Why is not 
hot-water heating more generally adopted? There nnay be 
several reasons, but the chief two, probably, are the following. 
1. The furnaces usually fixed are too large, and not provided 
with simple daropers arranged so that a servant can keep it 
under perfect control without much attention. In addition to 
thij fault, they are in too many instances delicient in coke ca- 
pacity, so that in the morning during cold weather the fire is out 
when the servant gets up, and has to be relit. The inconveni- 
ence of having the rooms cold in consequence of the fire going 
out can be well imagined. 2. In houses already built it is 
difficult to adopt hot-water apparatus where there is no cellar, 
perhaps, and where, if there is a cellar, no flue has been pro- 
vided. This second objection does not apply of course to new 
houses in process of erection, and One can only express surprise 
that architects do not advise theii clients to use hot-water radi- 
ators for heating. 

In this very variable climate, there are months in the spring 
and autumn when a fire can only be maintained with difficulty, 
and, if it is kept in, and the gas is lit at night, the oppressive 
atmosphere in the sitting-room is very trying. Where hot water 
is used for heating, the chimney-flue is free from soot, and, if 
the room is too hot in the evening, the windows can be opened 
a little with impunity, and with much better result in lowering 
the temperature. Indeed it is by keeping the radiators in livini^- 
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rooms rather warmer than necesaary if the windows are closed 
it is possible to have a large admission of fresh air from outside, 
and ihe enervating feeling in the spring at the inception of plant 
foliage, and in the autumn during the fall of the leaf, is scarcely 
experienced at all in the housfir Even those who object to 
other persons heating in this manner, because of the loss of the 
bright, dancing fire flame, admit its value for warming during 
the mild days when it is too cold without some Gre, and be- 
cause the flaming fire reminds them then forcibly of moist, 
clammy, perspiring experiences. 

Most persons who adopt heating by hot water raise the 
objection at first that there is no visible fire, hence much cheer- 
fulness is lacking in the room^ and tliey state emphatically that 
they could never do without fires in their homes, but before 
long the great comfort of a house well warmed is so apparent 
that the desire to see the fire becomes much less pronounced. 
If the tenant wants a fire in a sitting-room, he can have it, of 
course, notwithstanding the hot-water apparatus is in use, for 
all he has to do is to cut off the radiator supply and the room 
can be heated by a fire only, or the radiator may be used to 
supplement the fire as required. When the writer fixed hot- 
water apparatus in his own home his wife stated that she could 
not do without a fire, because the room would not be cheerful, 
and she was informed that fires were intended to be used in the 
living-Tooms as before. Experience soon made manifest the 
comfort of being able to sit in any part of the rooms, and, 
although the writer thought he would like a fire in the dining- 
room himself, no fire has been lit there since the apparatus was 
installed. The cleanliness of the arrangement must, of course, 
be patent to all, and if the housemaid has to look after the 
furnacej the work entailed is nothing like so much as to tend 
one fire in a living-room, provided always that the furnace is 
suitable. 

The first question to be dealt with in reference to heating 
by hot water will be the furnace. For ordinary dwellings a 
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very simple arrangement is all that is necessary and best for the 
purpose. The mansion or castle is as much a dwelling as a 
cottage, bat the heating of large residential premises can hardly 
be pointed out in detail in a treatise of this kind, because the 
arrangement of the rooms and the style of building must deter- 
mine largely the nature of the furnace to be used, For instance, 
a mansion built on the Italian principle, having a courtyard in 
the centre, is much better adapted for using; one large water- 
pipe boiler, and distributing the flow and return pipes from one 
central point. If it were possible to force such a boUer to a 
reasonable extent all the days when heating would be required, 
it would be wise to adopt one large boiler built so as to econo- 
mise fuel to the greatest point practicable, in this variable 
climate, when the temperature may be 35" F. in the morning 
and 50° F> a few hours later, \t is not at all wise to heat from 
one boiler always, and it will be found as a general axiom that 
two or three smaller and simpler boilersj easily stoked and 
worked on the slow combustion principle, are as reasonable in 
their first cost, and considerably cheaper in the long run. A 
large mansion was recently heated with three self-contained^ 
upright, welded iron boilers of the same principle and not unlike 
Fig. 32. These boilers were, of course, distributed in the 
basement beneath the castle, which was built chiefly in one 
long block. The advantage of having three boilers instead of 
one will be obvious to those versed in hot-water engineering, 
as the leads can be so much shorterf and the great loss which 
occurs in distributing over long lengths vastly curtailed, By 
using three boilers like Fig. 32, the beating of a large mansion 
would be much the same as that adopted in three separate 
houses. 

Furnaces of the type of Fig. 32 are usually made in several 
sizes, the heating capacity being varied by the height as well as 
the diameter of the boiler. For instance^ if No. i, having a 
boiler 13 inches diameter outside and 16 inches high, will heat 
150 square feet of radiator surface, a boiler of the sanae dta- 
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power will be obtained. No. 3, having a boiler 18 inches 
diameter and 2 feet 6 inches high, will heat 380 square feet of 
surface. No. 4^ having a boiler 21 inches diameter and 3 feet 
high, will heat 550 square feet of surface. These figures re- 
present the square feet of radiator surface which can b€ heated 
bjr the boilers to 190° F. or more, and it may be assumed as a 
rough and practi-^ calculation that one and a half times as 
many feet can be heated to 150* F. 

For the purpose of fuller informationj, it may be stated that 
No. I boiler is suitable for heating a 
small villa with two sitting-rooms and 
four bedrooms. No. 2 will heat a villa 
with three moderately small sitting- 
rooms and five bedrooms, where the 
hall is not above g feet wide. No, 3 
is Suitable for a house with three fairlj 
large reception-rooms, a good hall and 
seven bedrooms. No. 4 will do for a 
house with four receplion-rooms, a good 
central halt and isn bedrooms. It 
generally happens that the size of 
each reception-room increases with the 
number provided, so that the total 
cubic capacity of the house which had 
three reception-rooms and a billiard- 
room would be nearly four times that of the villa with two 
sitting-rooms. 

The combined furnaces and boilers of the independent type 
upon the market are mostly lacking in fuel capacity, but are 
otherwise workable and satisfactory. There are, however, boilers 
made which are crowned at the top with a considerable length 
of cylinder intended simply as a coke supply. Fig, 2^. The 
smoke pioe is taken off near the top of the boiler as in the 
drawing. The boiler for heating a house will generally be fixed 
in a cellar in (he basement, and great precaution should be 
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Fig. 33.— Boiler Top 
Sbowing Coke Cylinder. 
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taken to make sure that all deleterious gases will be prevented 
from getting into the room where the furnace is fixed. Where 
the smoke pipe is fixed as in Fig. 33, and the furnace is burning 
slowly, because there is a damper in the smoke pipe and it is 
nearly closed^ the hot gases will ascend to the top of the coke 
and find their way around the cover into the roomj especially 
if the weather is damp. This is no visionary or theoretical 
calculation, it does and will happen under such circumstances, 
and if the flue should be low and of a smoky character, the 
leakage will be aggravated. In fitting up hot-water apparatus 
this matter must not be overlooked^ and it should be stipulated 
that in no case must the inside of the coke cylinder be above the 
smoke pipe or orifice io tkt chimney. Where no such extra cylin- 
der for coke is provided, there is no necessity for the upper 
end of the boiler to be crowned with a long, tapering, sugar4oar 
top and cover. The top shown in Fig. 32 provides much more 
coke capacity, and enables the boiler to be higher without in- 
creasing the actual height much over all. 

The boiler of the furnace shown in Fig. 3a is 6 inches 
deeper than those like it in general use, and is very slightly 
conical inside to allow the coke to settle easily. To be conical 
is not of very great importance if the coke is broken properly, 
and this should be done in all cases, whether Che boiler is 
conical or otherivise. The reasons given for the extra height 
of boiler suggested are two, 1, By having the boiler higher 
there will be more fuel capacity, the writer finding from experi- 
ence that the boilers as now made would be much better if 
they had a couple of hours' extra fuel supply for winter use, so 
that they could be kept going well throughout the night- % 
Some boilers of this type have too little distance between the 
flow and return pipes. The consequence is that much of the 
water heated by a bright coke fire at the bottom rises straight 
up on the side where the outlet is, and into the flow, whilst the 
next moment the heated water on the other side presses forward 
in a slight rush to the same outleti 
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The object of the hot-water engineer should be, as is more 
than once pointed out, to reduce the friction in the pipes sup- 
plying the ground floor of a house, especially when the height 
of the basement is restricted. It is best, therefore, to get as 
complete an admirture of the heated water in the boiler itself, 
and before it enters the flow, so that the whole supply may 
work smoothly. To this end it seems wise to adopt a boiler of 
the dame-lop cyliuder type. There is no doubt this boiler 
does mix the heated water thoroughly, but for heating a house 
where one of the servants has to attend to it, a boiler and fur- 
nace must be provided which can be filled with fuel easily, will 
hold a large supply, and one down which the attendant can 
look to see how matters are going. The independent boiler 
and furnace, Fig. ^2, is recommended because it is simple in 
its working, easily filled, and the coke supply is large and can 
be inspected without difficulty. If the basement is lacking in 
height, the base of the boiler can be sunk somewhat, so that 
the boiler can still be 2 feet or more high, and what is lacking 
in admixture of the heated water can be compensated for by 
increasing the diameter of the pipes, especially the flow, by a 
quarter of an inch. The only reason why boilers of the dome- 
top and of the duplex cylinder types have not been recom- 
mended is simply bemuse it is more important to provide an 
easily uwrkable boiler to one which cmts tioo pence in atiiSntion to 
save one penny in fuel. 

It will be seen that Fig. 32 has a flow and return on both 
sides, and as these will generally be very serviceable in distri- 
buting the leads, they are strongly reconimendedj because there 
will be a more even admixture of the heated cunents, and a 
more steady and equable circulation throughout, Independent 
boilers of the sizes styled No. 3 and No. 4 should always have 
a flow and return on both sides. 

The cover C, through which the coke is supplied, has an 
under rim which rests in a groove, and as this is generally half 
full of coke dust there will be less chance for gases to escape 
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outwards, or for air to be sucked in. This cover is connected 
by a wire rope or chain passing over a puUey fixed to the ceiling 
to a weight W or counterbalanccj which enables the cover to be 
raised and held up whilst the coke supply is being replenished. 
This is a useful arrangemert. The furnace doors are shown 
as usually made, and are hinged. These are very liable to be 
strained by dust, and there ought to be no kdgt under the 
bottom of the fire door. When a door is continually strained 
by dust and strongly heated it buckles slightly, hence any other 
and suitable door arrangement without hinges would be ad- 
vantageousj provided it were permanent in character. Every 
care should be taken to prevent and remove dust before closing 
the door^ because it is most important that it shall fit accurately. 
The writer has rarely come across a small furnace door which 
fitted nicely, and more care should he devoted to this matter, 
as well as to the hit-and-miss grid which should close perfectly. 
If these fKirts of the apparatus are carelessly fini&hedj the servant 
in charge will be greatly handicapped^ especially during the oft- 
recurring spells of close, muggy weather. 

It will be noticed that the smoke pipe (which connects the 
furnace to the flue) and the part above the boiler is in one piece 
to prevent leakage of ^ses. The pipe is fixed at the iop of the 
fiimace, so that when it is filled with coke there is no chance 
for the fuel to plug up the outlet. Furthermore, the iron smoke 
pipe can be cleaned out easily by a wire brush such as is used 
for a cooking range. Thus there will be no need for any pro- 
vision or opening in the pipe for the purpose. Joints cannot 
be prevented from leaking, because the heat wtl3 eventually 
crack any cement placed in them, and as the top above the 
boiler and the smoke pipe can be cast in one piece at an angle, 
as shown in Fig. 32, this should be done in all cases. The flue 
pipe should enter the chitnney not less than 4 feet 5 inches from 
the ground in the case of a boiler 15 inches diameter and 2 feet 
6 inches high. This will afford a working column of nearly 4 
feet of hot air and fire, and such a column will keep the fire 
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going in mild weather when the chimney can get an unlimited 
supply through the door or sliding shutter B, To get this height 
of 4 feet 6 inches, the iron smoke pipe should be longer and 
more vertical in the case of the small hollers, whilst for No. 3 
and No. 4 sizes the stnoke pipe can be shorter and more hori- 
zontal. The diameter of the smoke pipe is important. It must 
not be too large, otherwise there will be a circulation of cold 
air down one side and into the coke space, causing combustion 
to take place at a quicker rate than necessary. For an inde- 
pendent boiler 13 inches diameter, a smoke pipe 4^ inches 
diameter inside will do. A smoke pipe 5 inches in diameter 
will answer for a boiler 15 inches in diameter, and a sJ^-inch 
smoke pipe for a boiler 18 inches in diameter. A door D shown 
on Fig. 32 may be fixed dose to the ceiling A leading into the 
flue. This door may be hinged, but should fit as accurately and 
ail-tight as possible. It is intended for opening when, owing to 
had clinketing, much fire has been removed and much sulphur 
has got into the room. If the furnace is fixed outside the house 
this door will not be required, nor will it be necessary when 
anthracite is used, but only if coke is consumed, but even then 
with care and a little thought it should not be often used. This 
door D must be shut directly the sulphur has been removed. 
The sliding shutter B, shown in section at S, is large, loxfi 
inches, and forms a door through which air is admitted to 
reduce the suction of the chimney to the required point. Re- 
member, a hinged door will not do unless it has a screw ar- 
rangement to make it stand securely at the point it is set, 
because a sudden gust of wind at the lop of the chimney will 
often give rise to so much suction that a hinged door would 
be drawn to, and not unlikely cause the rooms to be overheated, 
and perhaps make the water boil violently. From Fig. 32, it 
will be noted that there is a free way from the bottom of the 
fire to the top of the iron tube entering the chimney-flue without 
valve or damper intervening. In those furnaces which have a 
damper or regulator fixed in the iron arm or flue to check the 



186 VENTILATIO:^ AND HEATING OF DWELLINGS. 



draught, the gases arising from the fire will get under a slight 
pressure when the damper is used, and be driven out through 
the opening where the fuel is fed, because the cover of this 
opening will not be air-tight however well it is cast. According 
to the arrangement of the dampers in the illustratioti there 
must always be a partial vacuum inside the iron smoke pipe 
above the boiler, so that air will be drawn inwards through any 
chinks which may tie between the top cover C and the hol- 
low rim in which it rests. The door B is fixed low in order that 
the chiraney-flne may exert suction upon the air und gases in 
the iron smoke pipe. 

In the writer^s tnelhod the products of combustion are not 
checked by placing them under pressure and driving through 
a small outlet, but by reducing the suction power of the chimney 
in supplying it with cool air through B. Where the heat re- 
quired is very small, the air getting into the furnace is cut down 
by closing both the doors and sometimes both of the hit-and- 
miss ventilators in front of the furnace. It is assumed in the 
foregoing description of the furnace and chimney-flue that the 
heater is fixed in a room in the basement of the house, and 
this should be done in all new houses wherever practicable. 
If the heater is fixed in a small outhouse or place specially built 
for it, the chief difficulty may be to prevent ico much air getting 
to the boiler, but in the basement of a house it may very Ukely 
happen that no special provision has been made for additional, 
or indeed any, air supply. It is neither wise nor safe to rely 
upon opening a fanlight, window or surface light which is mov- 
able, and itirill be well to fix a ventilator like Fig. 34 or Fig. •^^ 
in the wall near the ceiling as far from the heater as possible. 
It will be best and cheapest to keep the room warm where the 
heater is, and, provided reasonable air is supplied, so that the 
chimney works well, it is wasting fuel to allow unnecessary air 
to come in. Hence if a ventilator 10^8 inches is fixed it will 
most probably be found that it can be shut when the air outside 
is 35° F. or less, but should be more or less open at all higher 
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temperatures. The writer has noticed that the room above the 
heater is greatly influenced by the temperature of that below, 
hence the volume of air admitted is carefally regulated. 

In some furnaces, having a high colamn or reservoir for 
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Fig. 34.— VejiiJJator far Boiler Room. 

coke above the fire, Che hot gases are not carried up through 
the coke, but pass into the flue at the back of the fire-grate. 
A damper is fixed at the bottom of this flue for regulating the 
heat. This is a bad arrangement, as the fresh air cools the flue 





Fig. 35. — Self-iniiicatinf Vemilator. 

at its lower end, and, when the boiler is working at a low 
temperature, there is much danger that carbonic oxide may 
escape up the coke chamber and issue into the room. It is 
quite possible for the air supply to travel backwards, and, unless 
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the cover of the coke chamber fits tightly, tliis chamber may 
become the smoke flue, and lead to unpleasant consequences. 

With regard to the simplest way of working such a furnace 
as Fig. jz, the matter is not at all difficult. Experience has 
shown that, owing to the considerable proportion of ash in 
coke, and to the weight of the unburnt coke pressing upon the 
bottom of the fire-grate, the admission of air underneath the 
firebars through the lower door or the hit-and-miss grid thereof 
is not dependable. This is to be regretted somewhat, because 
the air gelling into the fire through the grating xn the upper 
door has to make its way from one side only, whereas that 
which would get to the fire under the bars ought, theoretically^ 
to permeate evenly all over the bottom. Owitig to the forma- 
tion of more or less chnker and sometimes blocks of fused ash 
right across the bottom, it is found that the air obtained by 
opening the grating in the upper door disseminates just as well 
after the fire has burnt for a while as if it came in at the 
bottom of the firebars, when coke is used. In the writer's 
method of working with a coke fire, the lower door and grating 
are closed fairly air-tightt and this is recommended where the 
chimney-flue iis high and there is a powerful draught, because 
at any time when the water has got cool through inattention in 
the winter the closing of the sliding door B will give rise to so 
much draught through the hit-and-miss grating in the furnace 
or upper door that the boiler will be rapidly healed, In cold 
weather the grating in the upper door is left nearly fiill open 
during the daytime, and generally ax night unless the weather 
is very changeable and uncertain. If the coke space is filled 
up to the top at lo or 10-30 p.m., for some hours the extra 
coke will offer resistance to the gases escaping, and although it 
may be necessary to keep the furnace working at night a httle 
below the day temperature when the weather is severe and 
below freezing point for fear the coke supply will run out before 
the servant replenishes the furnace, it is rarely necessary to 
aJtcr the grating in the upper door at aU. The attendant will 
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find it a more simple method in winter to keep that grating in 
the same position night a.nd day, and then open the damper 
door B slightly more at night- Indeed, the door B enables the 
apparatus in winter to be worked with simplicity and ease, 
whilst by its aid the furnace can be kept in during weather 
when the outside temperature is nearly as high as it is insidet 
During such mild weather, Che grating in the uppet door is 
shut, and the sliding door B is r^ulated so that the fire ia 
kept alight whilst the temperature of the water in the boiler is 
not above 80" perhaps. The chimney-flue connected with the 
apparatus described is fully 35 feet high, and the draught is 
strong. In those cases where the chimney is lower, and the 
venlihiing power less, the door B wouEd have to be nearly 
closed perhaps. In the case mentioned, B is always nearly 
half open. If the flue is of reasonable height there will be no 
difficulty in regulating the air supply of the furnace, whilst the 
attention required will be sniaSl indeed. Should Che draught 
or ventilating power of the chimney be strong, it will be best to 
always keep the door of the ash-pit and the door of the fire- 
grate closed, and the door B open sufficiently wide to prevent 
the water boiling in the apparatus when both the hit-and-miss 
ventilators in the above doors are full open. 

English makers are now turning out dumping or shaking 
firebars to their independent boilers. These are useful for the 
larger sizes, but owing to the cUnkering from coke^ careful 
attendance is superior to any mechanical contrivance in the 
case of small boilers. 

There is an idea abroad that it is cheapest to keep a small, 
quick fire burning freeJy so that all the carbon of the coke shall 
be perfectly burnt, and no carbonic oxide escape combustion. 
Such an idea is erroneous in every sense^ and especially In 
those cases where slow combustion is resorted to. With a 
body of fresh coke abo%-e the incandescent fuel it is impossible 
tp prevent carbonic oxide passing up the chimney, and, in those 
cases where the gases escape into the chimney without ascending 
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through the column of fuel which is situated over the fire, the 
pressure of the coke above makes sure that incomplete com- 
bustion will result, and that much carbonic oxide will be formed 
and escape up the chimney. Again, with regard to the question 
of cost of fuel consumed, it will be found that much more heat 
can be obtained from coke or coal by burning it with the 
smallest amount of air possible to keep up the heat required. 
This extra beat is due to the lesser volume of hot gas which 
escapes, and if that smaller volume enters the chimney at a low 
temperature, in consequence of the boiler taking up the most of 
the heal, the furtiace works much more cheaply than if a larger 
volume of heated gases escaped, notwithstanding it is assumed 
there was less ' carbonic oxide in the gases going up the chimney 
in the latter than in the former case. The writer did not think 
this was so pronounced until he had had considerable experience 
in tending a furnace himself. It was found repeatedly that 
when the temperature of the rooms got appreciably above 60" 
F., owing to a sudden rise of temperature outside, and the hit- 
and-miss grating in the furnace door was nearly closed with 
a view to check the heating of the boiler, the water increased 
in temperature rapidly instead of falling as one would expect, 

' As a matter of fact, however, the piOpaition of ca^rbomc oxide is 
generally greatest when a swift, blight coke fire is burning. The ivholc 
of the oxygen lb rarely consumed whatever the conditjon of the fire, but 
if the latter is a deep body of coWe at a white heat (2,000° F. or more] 
much carbonic oxide is formed, and although caihonic anhydnde is not 
so atabie at that temperature a considerable proportion of this gas is at 
once geneiaced. In th« case of slow combustion ivhen the boiler is used! 
in spring and autumn and the work upon it is small, the fire will frequently 
be only a few inches ^eep and the temperature no: above 1,200° F. at the 
lowest part. Under these circumstances, whatever carbonic oxide is 
Formed at first — and very little is formed — is mostly converted into cacbanic 
anhydride aa it slowly moves over duU red coals. On the other hand, the 
volume of carbonic oxide generated in a bright, quick (ire is much larger 
and only partially converted into carbonic anhydride as it quickly passes 
through the top of the fire. The absence of hydrogen in coke prevents 
water being formed and much carbonic oxide being converted into the 
anhydride when a awift fire; is burning. 
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and it became manifest that the best practical and only way to 
effectively reduce the temperature was to open the door Bf 
leading into the chimney-flue, wider. The increased tempera- 
ture which resulted when the ait supply getting in through the 
grating in the upper door was checked was so appreciable that 
no doubt could exist that this was the cheapest method of pro- 
cedure, and the experiment was Cried so frequently as to leave 
no suspicion of the accuracy of the observations. Under the 
circumstances, therefore, if the hit-and-miss grating in the 
furnace door is iarge, it will be best to keep it only half open 
in winter unless the weather is very severe, and make up any 
want of air getting in by inducing extra suction from above, 
through the closing of the doof B somewhat more or perhaps 
altogether. The writer has proved the great saving of coke 
which results from the closing of the grating in the upper door 
during mild weather, and has found that a bucketful will some- 
times last for twenty-four hours by careful manipulation. If 
the foregoing regulations are reasonably observed, heating by 
hot water becomes both simple and inexpensive. 

It win be best to mention here, probably, how advisable it 
is that the furnace and boiler shall nut bt to& hrge. IVritfrs 
on heating by hot water almost invariably advocate that the 
boiler and furnace shall be large, and that the error shall always 
be on the side of largeness rather than otherwise. Experience 
has shown that in dwelling- ho usics in England it is most unwise 
to allow spare boiler room, so as to make sure that there shall 
be more than enough heating power when the temperature out- 
side is below freezing point. In America thiis must be done, 
but for economy and providing an apparatus which shall be work- 
able in mild weather, the furnace must not be unnecessarily large. 
During the few days or weeks when the temperature is below freez- 
ing paint in this country, there would be no difficulty to supple- 
ment the heating in the living-rooms at a push by fires if such a 
necessity arose, and this would be better than having an extra large 
furnace. Or the tenant may do as the writer does. The living- 
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rooms and bedrooms unoccupied have their heating cut down, 
so that the thermometer stands at about 40" F. When this is 
done the dining- and drawing-rooms or billiaTd-room can be 
heatL'd fully, and the apparatus will give satisfaction. There Is 
much fuel saved by under- rather than over-furnacing the hot- 
water apparatus, but this is twt the only ad2}antage. If the fur- 
nace is overlarge it is impossible to work it unless there are 10'* 
difference between the temperature of the air outside and that 
inside, hence when the apparatus should be of chief value, vh., 
in spring and autumn and often in the summer, it is not avail-, 
able. It was slated at the commencement of this chapter that 
the reason why hot-water heating was not more widely adopted 
was because the furnaces fixed were too large, and this is un- 
doubtedly one of the chief reasons. A living-room at 52" F. is 
chilly and unpleasant to sit in, and unless the apparatus will 
work when the difference of temperature outside and inside is 
only S" F. it is not suitable for a dwelling-housen The writer 
frequently keeps the furnace going for days t<^ether in the' 
summer when the weather is damp and chillyi and the comfort 
is most enjoyablCj but this could not be done with the plant 
Ordinarily fixed, as the furnace must be put out directly the 
water gets a little warm, otherwise the air would be overheated 
or the coke fail to burn. In tliis country the sizes of the furnaces 
given above according to the number of rooms in a house should 
be notedj therefore, and followed closely. 

In a No. 2 furnace the distance between the flow and return 
pipes should be 2 feet. It may be as well to deal with the ques- 
tion further at this point. It is advisable to take the flow and 
return pipes which supply the house other than the ground floor 
independently as dose as possible to the boiler, and if a No, 3 
boiler is used it is best to have a flow and return on both sides^ 
If the upstairs radiators have their pipes leading out of those 
which feed the sitting-rooms ^ the flow should be at least i^ 
inches if not 2 inches in diameter, and there should be a valve 
in the hall, or other convenient place, by which the flow in the 




pipes going upstairs can be regulated. If the living-rooms of a 
small house are heated exclusively by hot water, it is best not ta 
take a vertical pipe {for heating the rooms abcnx) at the level of the 
ground fioor from any supply to the Uving-roomi, and e^pedally 
from that It) those, most generally in use, but let the flow and return 
to the reception-roonos, whether the system ustd is the one pipe 
or the double pipe, be continuous and uninterrupted- K this is 
doae, it wiil be possible to cause the circulation in the radiator of 
the room chiefly used by the family at night to be rapid, ^ that 
there shall not be many degrees of difference between the water 
at the top of the radiator and that at the bottom. However 
carefully planned a hoE-water apparatus may be, it is not possible 
by natural means to get the water hotter at the bottom of a 
radiator than at the top, but this is what one would like to have 
50 as to heat strongest where the coldest air lies. It will be 
seen, thereforCf tliat it is a great advantage to have a rapid cir- 
culAtjon thr&ugh the radiators on the ground fiocr — in the first 
case because the heat is much more effective at the bottom of 
a radiator than at the top, and in the second place because where 
there is quick circulation it is a sure sign that the friction in the 
pipes is not the cause of much loss of heat. To get a quick cir- 
culation there must be either a large flow and return or a good 
vertical column or hifight between the level of the flow pipe on 
the ground floor and ttiat of the return pipe as it joins the boiler. 
This latter provision is not always available in the case of the 
groutid-floor supply, but it will be noticed that the difference in 
density between the water in the flow pipe and that in the re- 
turn pipe leading from the first floor to the basement will be 
enough to cause rapid circulation and overcome t!ie friction, 
provided the pipes are large enough, whilst the supply to the 
second or third floors will be too rapid proportionately unless 
the diameter of the pipes is reduced, or a valve is inserted to 
check the rapidity of the movement. All the pipes to and from 
radiators should be carefully covered with hair-felt one inch in 
thickness, or slag woo!, but even then there will be an appreci- 
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able loss of heat. Uiider the circumstaiices it is not wise to' 
use pipes of unreasonably large diameter, else the sa^-ing of heat 
due to the lesser friction of the water inside may be more than 
counterbalanced by the loss due to that radiated by the flow 
and return pipe? themselves. Architects of new houses who 
contemplate adopting hot-water radiators on the ground floor 
should see that the room in the basement where the furnace is 
to he fixed is lefty, certainly not less than S feet, otherwise it 
will be very difficult to get a rapid circulation and use radiators 
which are about i feet in height. In an ordinaty compact house 
with four reception-rooms, it may be concluded thai the pipes 
leading to radiators on the ground floor should not exceed 
3 inches diameter inside. The actual heating surface of the 
radiators which a 2-inch pipe will supply easily at a temperature 
of 150° in the pipes is about 250 feet, but it is not at all wise 
to run more than three large radiators, or so much as 250 feel 
of surface on one lead of double piping if it can be avoided. 
hence it may be assumed that anything above a 2-inch pipe 
would lose more in waste heat evolved than would be gained, 
by the lesser friction entailed. A ij-inch pipe will supply t^ 
radiators each of 3o feet, or three of 50 feet of heating surface, 
especially if the lead is not unreasonably long, so that three 
rooms 18 X 15 feet can be heated on one lead of ij-tnch pij 
and give good circulation, when the bottom of the boiler i»l 
situated 7 feet below the floor. If a small room on the groundj 
floor is 50 situated as to require a separate lead, the pipe mus 
not be less than \\ inches diameter, and if the difTerence in' 
height between the flow and return is small it will be well to 
start the flow with a length of i J-inch pipe. It is a good plan 
to have a separate lead to the room which the tenant makes 
ihe general sitting-room in a villa containing only two reception- 
rooms, and which is to be heated without a fire, if the two-pipe 
system is adopted—that is to say, there shall be no radlaloi 
other than that or those for the room in question on thai leadji 
and to use a ij-inch pipe, or ij inch according to the height 
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above the return in the boiler, if that room is on the ground 

floor. Where the one-pi|Te system is adopted for the ground- 
floor radiators, the flow should commence its work if possible 
in the room chiefly used to sit in. When a new house is de- 
signed ic will be quite possible to so fix the heater that the 
one-pipe system can he adopted for the sitting-rooms, and the 
flow arranged to heat the dining-room first, or the drawing- 
room if desired. In this case the heating surface must be 
greater in the rooms last warmed from the "one pipe/' which 
will do its work liest if the water is caused to circulate quickly. 

If Lt is possible to fix the boiler and furnace under the hall 
of the house, and (hat hall is in the centre, no position could 
be better, as the leads would be short. In that case there 
should be a flue provided on one side in the wall of the hall, 
and here the height would be sufficient for strong ventilating 
power, and the flue, being in the internal wall, will be protected 
from outside variations of temperature. Never run less than 
i^-inch pipe up to the first floor unless one 6-foot length of r J- 
Inch pipe has been used in the flow where tt starts from the 
boiler, hut thence one-inch pipe will supply a single room. 
Where it can be done without much difflcultyn and especially if 
the occupant has a young family, it is a good plan to run the day 
and night nurseries on a separate lead, so that the circulation 
shall be good and it can be available when the other supply 
may be cut off. The flow pipe should rise into therfa>' nursery, 
and the body of the radiator should rest {legs or no lega) at or 
below the level of the floor of the room. If it is practical to 
fix the radiator (with 3-inch legs) longitudinally with the joisto, 
it can be set m a trough 4 inches below the level of the floor, 
then the air at the floor level will be heated and the children's 
feel kept warm. The radiator should be of large surface for 
the size of the room, at least 20 nominal feet per 1,000 cubic 
feet capacity, then the instalment will be satisfactory. 

Where the one-pipe system is used in the upper floors, the 
height of the legs of the radiator is not of so much importance, 
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but care should be taken to so commence the supply that the 
last radiiitor shall not have legs higher than 3 or 4 inches if 
possible. 

Before proceeding further it may be best to point out all 
that is necessary in reference to single and double pipe work. 
It scarcely requires mentioning that the iron piping should be 
wrought, and the bends and joints malleable in all cases. Not 
much need be said about the difTerence between the single and 
double pipe methods, as practical men have mastered the mat- 
ter in all large towns. The double^pipe system is the oldest 
and best known. It consists in all cases of a dow pipe from 
which one end of the radiator is supplied, and a return pipe 
connected to the other end of the radiator. The flow pipe 
leads from the top of the boiler and contains the hottest water, 
whilst the return pipe contains the cooler water, and enters the 
boiler at its lower end, If more than one radiator is supplied 
by one lead, each is connected at one end with the flow pipe 
and at the other end with the return. The chief difference 
between the two-pipe and the one-pipe systeni consists in this, 
that in the latter both ends of the radiators are joined to the 
same pipe, the hot water flo'^ing through the pipe and radiators* 
until it eventually returns and completes the circuit as the pipe 
enters the bottom of the boiler. When a radiator is connected 
at both ends with one pipe, the movement of the hottest water 
through the radiator will be both slow and erratic unless the 
circulation through the main pipe is very rapid. Even then 
there will be a great irregularity in the supply, and one side of 
the radiator will not unlikely be much warmer than the other. 
To obviate this drawback to the use of the one-pipe system, 
and with a view to increase the circulation in the radiator, the 
joints of the connecting pipes are so arranged that the water as 
it moves through the pipe shall exert a slight pressure upon 
the flow into the radiator, and a slight suction upon the return 
into the main pipe. The illustration. Fig, 36, shows the ar- 
ra.ngement of the flow to the radiator, whilst by reversing the 
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fitting to the return pipe from the radiator,, so that the (low 
travels in the opposite direction, a slight suction is formed which 
favours the circulation of the water through the radiator. There 
are joints of this kind which h.ive been patented, and they 
are both scientific and ingenious. The circulation through the 
radiator is rendered much more satisfactory by the adoption 
of these injector and ejector joints as they are termed. Care 
must be taken that the area of the pipe inside is not enlarged 
at the joints, however, otherwise the pressure or suction exerted 
by the flow of the water will not be obtained. 

Tt is possible to run a single main nearly horizontal with a 
view to supply radiators on the ground floor, and after this 
is done to taJce it vertically 
either up to the top of the 
house at once, and thence 
supply the bedrooms in de- 
scending fashion^ or the radi- 
ators on the first floor can 
be fed first, and so on, the 
return pipe perhaps doing 
no duty in its passage to the 
bailer. It is much better 
to heat the ground floor separately and to take another flow 
pipe close to the boiler and run it to the top of the house at 
once, but the pipes should not be carried across in the roof if 
it can be avoided, because of the waste of heat and material. 
As the main supplies radiator after radiatorj there will not only 
be a much cooler cunent passing, but this vertical descent of 
the rettirn pipe will cause considerable disturbance, which will 
be vastly more manifest in its results in warm than in cold 
weather. Whilst it is possible to have a house so planned 
that the one-pipe system can be worked easily, it must always 
be remembered that the system requires most careful arrange- 
ment to prevent failure. The author is somewhat strongly in 
favour of the one-pipe system when it will accommodate itself 
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to the special positions in which the radiators should be fixed. 
The main in one-pipe work should be as free from bends as 
possible, and so placed as to give the highest efficiency in cir- 
culation. To obtain these results it is not advisable to turn the 
pipe here and there, giving rise to bends and extra length of 
lead, b order that a radiator shall be placed hi a certain comer 
of a room, hence it will be almost impossible to fix all the radia- 
tors in their correct and most desirable positions so as to work 
efficiently if the one-pipe system is carried out exclusively. The 
question must arise, therefore, shall the one-pipe system be 
adopted, and sacrifice the best arrangement of the radiators^ or 
shall the two-pipe system be used in part or whole, and the 
circuits be planned just according to (he aspect of the rooms 
upstairs and the purpose for which they are used? In warming 
a house in a street or a semi-detached villa having a hall on one 
side and the rooms compactly arranged, one would not hesitate 
to use the one-pipe system, starting the flow of the main to supply 
the dining-room or largest Hving-room, the return being used 
to heat the back room and the hall after doing service in the 
bedrooms. With a double house having a wide hall and rooms 
on either side, it is possible to use two leads and do the heating 
much in the same way as beforcj using the one-pipe system, but 
the writer is convinced that the arrangements of the radiators 
in rooms exposed to different aspects^ and having one, two or 
three walls subjected to the cooling effects of the outer air, is a 
matter requiring much more attention than the simplicity of a 
system, if indeed the one-pipe method can be said to be more 
simple than the double, a matter upon which experts not un- 
naturally differ. On this account no illustration is given of the 
drop system, the complete circuit system or one-pipe method, 
although there are houses in which one of these could be used 
so as to have the radiators placed satisfactorily, but each house 
must be considered separately and distinctly, adopting one 
system or a combination of systems as will best suit the design 
and the situation of the structure- Some makers of radiators 



supply useful particulars of the pipe systems, and their figures 
are more reliable than those mostfy given in books on heating. 
In very cold weather, when the full benefit of hol-water heat- 
ing should be at coramandj the radiators at the return end of 
the "one-pipe" main cannot be supplied fast enough to give 
their maximum heating power. Il may be argued that the valve 
attached to each radiator enables it to be regulated so that it 
does not take more than its fair share of heating. This may 
be and is doubtless true, but it is found from practice that this 
apportionment of the supply is beyond the average servant, 
and whilst, as already stated, the writer's housemaid works the 
"heater" almost perfectly, no one in the house seems to be 
able to adjust the valves so as to control the supply in a differ- 
ent manner except himself. The drawing-room is usually kept 
at 55" or sOj and is supposed to be regulated by the female 
portion of the household when the temi>erature is required to 
be higher, hut the times the writer found it cut off altogether, 
or otherwise badly adjusted, have been so numerous as to make 
him have little faith in the scientific and nice adjustment of the 
radiators on a one-pipe system by the servants. During the 
periods of the year when the temperature outside is 50" or more, 
it is nof easy to work the day nursery or other upstairs room or 
rooms requidng a reliable quantity of heat by the one-pipe 
system in a satisfactory manner. The actual temperature of 
the water in the main is comparatively low, so that the circula- 
tion must be necessarily very slow if the pipe is of reasonable 
size. Under these circumstances, even if the joints leading to 
and from the radiators are supplied with bends as shown in Fig. 
36, the movement of the water through the pipe will not be 
sufficiently rapid to affect the circulation through the radiator, 
and the em'Pipe sviiem ti weak in ikis parliadar. It may be 
arg;ued again that all the other radiators could be cut otTperhiips. 
In this country where there is frequently a rapid rise or fall of 
30° of temperature, the heating arrangements must be made so 
that all which is necessary for the servant or attendant to do is 
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to heat the water more or less according to such variations of 
temperature. To ensure this the engineer, in planning the ap- 
paratus, will do well if be can make sure that the radiators in 
the living-rooms (among which the day nursery must be counted) 
have a constant supply of the hottest water, whilst the bedrooms 
and corridors or landings can be cut off, or their supply de- 
creased by a single valve placed in a position easily got at by 
the tenant. If a riser can only conveniently ascend from a main 
leading to a living-room on the ground floor, special joints are 
on the market wliich favour the flow of the hot water to Che 
lower radiators as m Fig* 37. The writer has already stated 




Fig. 37. — Distributing Fitting. 




Fig. 3S.— Valve for Radiator. 
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that if more than one radiator is supplied on the upper floors 
from mda. a riser, a tap should be inserted at a point easily got 
at, by means of which the circulation can be regulated. 

One valve, Fig. 38^ fixed on the flow pipe of each radiator 
IS all that is required for regulating, but for a dwelling-house it 
is advisable to have it nicely made and nickel-piated. The 
extra cost for a small house will only be a matter of shillings, 
and the better appearance will be worth the money. Floor- 
plates, Fig. 39, in the living-rooms especially, are recommended. 
These are made in two halves so as to cover the pipes coming 
up and going down through the flooring boards in the various 
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rooms, and the nickel-plated collars or floor-plates on the 
market give a nice finish to the work. The small taps, 





Fig. 39.— Floor-plates. Fig. 4a— Air-cock for Radiator. 

Fig. 40, fixed in the radiators to remove air should match the 
valves and be nickel-plated likewise. 
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HEATING DWELLINGS BY HOT WATER (ctsKtmued). 

RADiATORS.^Much observation and experiment have been 
expended upon the theoretical heating powers of radiators, and 
considerable information of scientific value has been obtained. 
There are, however, quite enough books dealing with these 
matters, which give all the formulae for calculating the heating 
surface required, as well as other figures and equations. The 
unfortunate part of these formulae and calculations is that they 
are absolutely beyond the brain power of the average hot-water 
engineer, whilst the difference between theory and practice 
makes it unwise to rely upon such calculations, even should 
the grasp of the engineer be sufficient to profit by the deduc- 
tions mentioned- Experience has shown that some rooms are 
peculiarly warm and the temperature easily maintained in winter, 
although some of the walls are necessarily exposed to the outer 
atmosphere. Other rooms facing or, worse still, at an obtuse 
angle to the prevailing windsj especially if these blow from a 
cold quarter, are most unreasonably cold. If such rooms are 
situated at an elevation so as to be above other houses, and 
encounter the full force of the wind, the amount of heat re- 
quired in winter is altogether beyond the ordinary limits recom- 
mended in text-hooks. Such is the case with a nursery in the 
writer's house, which is situated on the top of a hill. Under 
these circumstances, it is not possible to devise a hot-water 
system effectively unless one knows the simation^ the prevailing 
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winds, ihe nature of the subsoil, and whether the suirounds are 
damp or low. A house in the neighbourhood of much water, 
near a lake or river^ will not only require more heating surface 
in the radiators to maintain a certain temperature, but most 
persons will ask that the actual temperature of the rooms shall 
be kept always higher than is the case in dty or hilly districts. 
A damp atmosphere robs the heat from the hands and face at 
a much more rapid pace than does a dry atmosphere, hence a 
room in the former case would not be as pleasant under 63° F. 
as one in the latter case at 60" or 61" F. The writer, therefore, 
will be pardoned by the practical engineer if he dispenses with 
tables and equations, relegating to the appendix just those 
which may be of service to some readers. 

There are many points relatmg to radiators having a prac- 
tical basis, which it will be wise to consider, and these bear, 
perhaps, more upon the subject of dwellings than upon hot- 
water apparatus used for other buildings. The observatiODS 
which follow have been all made by the writer with radiators 
fixed in living-raoms and are, therefore, specially relevant to the 
present subject. Other observers have noted that all radiators 
are not equally eflfective in heating, notwithstanding the mea- 
sured surface and temperature of the radiators maybe the same. 
It has been poitited out how the single radiator is the most effec- 
tive heater for the surface exposed, but it has not been shown 
why this is the case, excepting so far as to indicate that where 
the surface is most exposed to the moving air more air particles 
will absorb heat and pass upward by reason of their lesser 
density. It is in harmony with this conclusion to deduce that 
where a section or loop is divided, so as to have two or more 
air columns between the water spaces, some portions of those 
air columns, especially at their upper ends, will interfere with 
the free upward passage of the heated air and so cause less 
circulation, with the result that there will be greater heat in the 
air which does escape- All these conclusions, whether from 
actual experiment or otherwise, are natural, but in every case it 
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has been assumed ihat the current of air is fed from below, 
and ascends \'erticalty as it is heated. 

Unfortunately, this assumption is not correct because the 
air in being heated by the radiator does not ascend from the 
bottom of the room and move upward it) a vertical, uninter- 
rupted culumn as is supposed. The writer has experimented 
with radiators up to four columns wide, with the resuSt that in 
all instances there is much less movement of air from the floor 
upwards when the radiator has l^s of 3 Inches or more thaa 
one would expect. This ig especially Ehe case if the radiator is 
fixed near a wall, as is usually done, but in whatever position it 
occurs the layers of air at 6, 13 and i& inches above the floor 
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FJC. 41. — Supposed ALr- 
curreais by Radiator. 



Fig. 4a. — Actual Air-cunoDta 
by Radial Dr. 



always take part in the heating, and even if the radiator is 40 
inches high, it will be found that the air 35 inches above the 
floor forces itself to some extent into the upward current of 
■warm air. From the result of repeated experiments the writer 
was surprised at the small volutne of air moving upward directly 
under the legs of the radiator, especially as the temperature of 
the air at the floor level was always appreciably higher than 
was the temperature of the air outside. The reason of this 
laclc of vertical air movement immediately underneath the radi- 
ator is the continual pressure towards the wall of the air 6 
inches from the floor and above, so that the heated air, instead 
of rising direct as in Fig. 41, moves as in Fig. 42, which shows 
that the air at la inches above the floor passes between the 
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loops of the radiator and is pressed forward against the w.ill 
into the ascending warm current. Under these circumstances, 
the pressure against the warm air from the front of the radiator 
prevents the free play necessar>- to the greatest effect from a 
given heating surface, whilst if the loops have two or more 
columns the interior air spaces will not be nearly so effective 
as the back and front surfaces of the radiator. This forward 
pressure of the air, loo, will cause not only the imprisonment 
of that in the interior spaces, but what air does escape will be 
at a high temperature, resulting in a still further squeeze against 
the wall, owing to the much ^css density of the heated air at a 
feet, perhaps, above the floor. From these experiments two 
very important deductions may be drawn, whilst the wisdom of 
using single- column radiators will be further emphasised. The 
first of these deductions is that a radiator standing upon legs 
which lift the body several inches above the floor level is not 
adapted for heating the air close to the floor. The following 
refers to a two-column radiator in a. living-room with which 
the writer experimented. The body of this radiator was about 
29 inches high and the legs were 3 inches^ so thtit the top of 
the radiator was nearly 3a inches from the floor. The tempera- 
ture of the air outside was 34° F. Inside at the floor level near 
the bay-window it was 51°, and farthest from the window and 
from the radiator 5*°. Three feet from the floor it was 56" ; 
6 feet 6 inches above the floor, 61**; and near the ceiling 65^ 
The room was lit by the electric light, but the figures given above 
were readings by daylight. When the electric lamps were lit the 
temperature at 6 feet 6 inches from the floor rose 3"5°, whilst 
near the ceUing (10 feet 6 inches above the floor) the tempera- 
ture was 67". These figures and many other observations show 
that there is a great difference between the temperature of the 
air at the floor level and that near the ceiling even where the 
electric light is used, and they show, too, that if the temperature 
of the air at the level of one's head when seated is 60" F., that 
of the air at the floor level is frequently 5" or more below, 
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according to the voiume of air circulating. Furthermore, it was 
found that the difference per foot high increased the nearer one 
got to the floor level. There is generally a difference of 3° and 
often 3" between the air at the floor level and the air one foot 
above, and figures like the following are frequently found. 
Floor level, si**; 6 inches above, 52°; i foot above, 54"; a 
feet above, ss's" ; 3 feet above, sS's" ; and when the outlet is 
the ordinary chimney-flue about i^ feet from the floor such fig- 
ures are often obtained. If the living-rooms are to be heated 
by hot water alone and no fire used, it stands to reason that 
when one's face and head ate comfortably warnij the hands 
would be cooler, whilst the feet might be, and often are, un- 
comfortably cold. This is a most important consideration, 
and there is no doubt that fault has been found frequently 
with hot-water heating in living-rooms because the temperature 
of the air was so low at the floor level. The same objection 
can be found with the temperature of the air near the floor 
if the room is heated by a fire, especially if one is sitting where 
the radiations do not fall upon the feet, but it is generally 
possible to move towards the fender when there is a fire, unless 
there are too many present, and experience the benefit of the 
radiant heat. It is possible, too, to have a suspender which 
hooks upon the radiator, so that one can place the feet against 
the loops and warm the feet effectively, but this should only be 
resorted to by those who have indifferent circulation, and there 
is no necessity that the air at the floor level should be so cold. 
From experiments in churches, the writer lias found that when 
hot-water pipes are fixed under the floor, and the air grating 
above is wide and the air spaces large, the difference between 
the temperature of the air at the floor level and at 3 feet above 
is often scarcely noticeable. If such ts the case it may be 
concluded that the best method to heat a living-room is by 
hot-water pipes below the floor, and there is no doubt this is 
so, but it is so necessary to keep the pipes scrupulously clean 
and free from dust and flocks that, however perfect the heating, 
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tne principle cannot be recommended. Radiators kept ai a, 
teinperalure of 150" and free from dust are perfectly odour* 
less, and in the highest degree sanitary, but pi|>es which are 
below the Hoot, and cannot be got at 30 as to be dusted twice 
a week or more, are liable to smell, and it is scarcely possible 
to keep the hot air free from odour. 

As ic is nbsolucely advisable and nec^sary to heat the air at 
the floor level so as to be comrortnble for ihc fcct» it is possible 
to get over the ditHcnUy by setting the radiator in a trough 4 to 
6 inches below the level of the room. If the radiator is fised 
lengthwise, so as to lie between the joists and the wall, it will 
not be at all difficult to keep the legs below the floor level. In 
this way the air from the floor will flow into the trough, bcconrie 
warmed and Hse upward, although more or less pressed against 
the wall by the air above the floor level. If a new house is 
being built, it will be a simple matter to strengthen the joists 
or build a dwarf wall to support them, so that the radiator can 
always stand some inches below the floor. The legs of the 
radiator can be rather fess than 3 inches, and the trough, under 
the circumstances, could be correspondingly shallow, but to be 
effective the /a/v ^/ iht heater must be ai the jitter level and 
room for some air to get under it at that, R.adiator$ which are 
suspended against panelled walls, or iti other posttloBifl loma 
distance abo\^e the floor, are not suited to heat with comfort, 
and should not be used in living-rooms. 

The second deduction from the experiments alwve recorded 
is that the air must escape above the top of the ratlintor at the 
imotst hmperntnre pouibk compatible with the surface and tem- 
perature of the radiator. To this end the loops pf the m;iiafOf 
must not h close tBgeiher^ and one inch is a reasonable distance. 
There are plenty of radiators on the market not more than half 
or five-eighths of an inch between the loops. This is a great 
mistake, because the friction encountered by the air in making 
its way between the loops and columns is suflicient to prevent 
nearly one-half the beating value being obtained.. Furthermore, 
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there is another important reason why the sections of s. radiator 
should not be close together, or be placed in such a rorm as to 
allow the radiations to reinforce each other and be reabsorbed 
by the adjoining section. It has been briefly mentioned already 
thai a radiating body, say at lao" tjo" or aoo" F. has a peculiar 
aptitude for absorbing radiations given oST by a body heated to 
a similar temperature, hence it will l>e seen that if some of the 
radiations from one loop or section at 120° F. can get across to 
the next loop without being all absorbed by the air, they are al 
once absorbed by the section against which they impinge. It 
is, therefore^ a decided loss to have much of this reabsorption 
going on, and it is always well to keep this fact in mind when 
selecting a form of radiator for a building. 

Again, the higher the radiator the greater will be the crush 
of the air against the front arid towards the wall, so that it is 
most important 10 use /t^w radiators in order to cortform- with 
ike physical laivs^ It will be found, however, that what has just 
been mentioned is not only true from a physical point of view, 
but it is also absolutely essentml to the iKuting of a room comfort^ 
abiy and economically* 

Having decided where the radiator is to be fixed and ar- 
rangements made that the air shall be warmed at the floor level 
if possible, the next point is the form of radiator best suited. 
With regard to whether it is to be plain or ornamental, this may 
be left to the taste of the tenant, but a plain loop is the easier 
to clean, and on that account must be recommended. The 
height of the loop or section will depend in some measure upon 
the position where the radiator is to be fixed. If the most 
effective place for it is only 3 fi^t 6 inches wide the radiator 
cannot be 4 feet long, and it may be both wise and necessary 
to increase the height somewhat to gel the surface required, but 
such liberties must only be taken after fully considering the 
situation. The heii^ht of tke radiator in all living-rooms should 
be limited io 26 inckes, and 20 indies is more effective tlum any- 
thing higher. A radiator with only one column can be higher 
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than another with three columns^ and a single -column radiator 
36 inches high will noC heat the air so hot at 30 inches above 
the floor as will a z6-inch radiator with four colunms, A single- 
column radiator need never be less than 26 inches high, any- 
thing above two columns deep is more effective at 20 inches 
than higher. The question will be asked perhaps, " In case 
there is only a certain width available, and either a 38'inch 
single-column radiator must be used, or a three-column radiator 
26 inches high in order to get the required heating surface, which 
should be employed ? " Always keep the heating of the air as 
near as possible to the floor in view, and, unless the engineer is 
faced with the problem that he must get all the heating possible 
out of a given surface — a problem to which one can scarcely 
attach much importance^ — it will be advisable to adopt the lower 
radiator. In such a case where the space was too narrow to 
employ a single-column radiator unless it was 3B inches high, 
the writer would not hesitate to use a four-column radiator, 
having a reasonable width between the loops, if he could get 
the required surface without exceeding a6 inches in height. 

A single-column radiator is to be preferred wherever it is 
practicable to use it^ but there is no reason why the sections 
should not be deep in order to Increase the heating surface. 
The form of radiator Figs. 43 and 44 is not given as an ideal 
variety, but it is drawn because it presents many useful features. 
The water space is continuous throughout the width and the 
substance of the loop is only li inches. The width of the loop 
is 8 inches, and the heating surface aj feet when 46 inches higb» 
with legs barely 3 inches from the floor to the bottom of the 
radiator, and the distance between each section is one inch. 
This radiator wil] give 50 cubic feet of surface if 50 inches long 
and 26 inches high. By having a narrow flange cast on one side 
of the radiator so that there shall be no pressure of adr from the 
front to the back^ as shown in the iigures 43 and 44, the heating 
surface will be increased about one-third of a foot per loop. If 
this is done there will be a much more rapid circulation of air 
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Underneath the radialor, resulting in the air al [he floor level 
being more quickly and uniformly heated. There h no reason 
why this form of radiator could not be made wider for positions 
in which it would be suitable. Where there are two or more 
columns in a radiator, the inside air-spaces are covered over 
at the top, and their heating effects are not so good, but if a 
four<olumn radiator is selected see that it has at least one 
inch between the sections, and that they are so constructed as 
to be cleaned by a brush easily, There are radiators on the 
market like Fig. 45, but they are not so effective as the plain 
forms which have no divisions betvveea the air-spaces to in- 
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FiOE. 43 and 44. 



Fig. 45. — Radialor with Cro£»- 
pieca between Columos. 



terfere with the free play of the heated air. Avoid all compli- 
cated forms, no matter how much surface they are calculated 
to yield. There are plain single-column radiators made for 
hospital work, which have extra width between the sections for 
easy cleaning. Fig. 46, and these will give 50 cuhic feet of 
heating surface when 26 inches high with a width under 6 feeU 
Sanitary radiators of this kind are not only to be recommended 
on the score of cleanliness, but they fulfil the physical condi- 
tions required, inasmuch as they cause a large volume of air 
to be heated al a comparatively low temperature because of the 
little friction the air encounters, and the temperature of the air 
leaving the top of the radiator does not exceed 70° when the 
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water in the radiator is at 130° F, It may be contended also 
with much reason that if this hospital radiator is satiitary and 
easily cleaned, 11 is Ehe very thing for ihe dwelling- house as 
well as for the hospital. 

As heated air is so liable to stick and become imprisoned 
under covered surfaces, it is essential that no unnecessary metal 
be used in casting the waterway between the sections at the top 
and bottom. There is a radiator on the market of English 
make, and those who desire to patronise British manufactures 



Fig. 46. — Hospital 



Fig, 47. — Radiator having LiUle 
Air Obstruction at Che Top. 



will a6e froin Fig. 47 that it not only fulfils ihe requirement 
mentioned, but is also of a pleasing design. The purchaser 
should see that the sections are so bushed as to stand one 
inch apart. 

The tapping of radiators should not be under z inches, and 
in all instances the bends and valves must have openings; as 
large as possible, so that the circulation shall not be hindered 
or stopped when the temperature of the water is below 100" in 
Ehe boiler. This is a most important consideration for the hot- 
water engineer who wishes to make his apparatus as workable 
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as possible when there is only about 5"" of difference of tempera- 
ture between the air inside and that outside. 

Why is it so important to have a low radiator? In the first 
place the body of heat is concentrated near the floor levelj and 
the air is caused to circulate more rapidly near the floor. With 
a low radiator it is necessary to use more sections, or loops as 
they are termed colloquially — hence the length of the ra;diatar 
is greater^ and there will be a more extended surface presented 
to the air at the floor level. This is of supreme importancej 
as the result will not only be a more gentle and certain circu- 
lation at the bottom of the room, but a more even temperature 
there also, so that comfort for the feet will be provided — a most 
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Fig. 48. — Circulation of Air in 
a. Room. 



Fig. 49. -^Circulation of Air In 
a Room, 



inestimable blessing in any living-room. Under these circum- 
stances, the circulation of the air in the room will be like Fig. 48 
instead of like Fig. 49', where the hot air is perhaps 90° or more 
as it leaves the top of the radiator generally used, and is pressed 
rapidly to the ceiling and much unnecessary heat is wasted 
there. The loss due to the air near a ceiling being at 70° or 
more is great when one long side and two ends of a room 
are exposed to the outside air, but in any case, the loss due 
to what the writer pointed out, viz.^ the natural pressure as the 
result of the difference in temperature of the air above the 
entrance to the chimney and the top of the room compared 
with that below the entrance to the chimney, in addition to 
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the adverse cooling ejects of the outer walls, muBt always be 

considerable. Nor is this all, because the circulation is ren- 
dered much more difficult the warmer the air is, and hot air 
forms a stratum neat the ceiling which is very slowly changed 
by diffusion. From every point oF view, therefore, except just 
the matter of the first cost, the radiator should be low, and the 
distance between the sections one inch, so as to enable the largest 
volume of air possible to pass up the heating surface exposed. 
In a dining-room the top of the table generally influences the 
flow of the air towards the radiator, especiaUy if it is fixed about 
the middle. The temperature at the top of the table should be 
appreciably higher than it is near the wall on the other side of 
the room at the same height, becau&e the warmed air from the 
radiator passes over the top of the table to supply the place of 
the cooler air which has found its way under the table to the 
heater. 

The advantages of having a Jow, long length of radiator in 
preference to its being shori: and high have not been exhausted 
yet The local currents supposed to be formed by some au- 
thorities, and possibly may be formed, so that the hot air leav- 
ing the radiator ascends to the ceiling, crosses it atid at once 
enters a chimney-breast ventilator without taking practically 
any part in the ventilation of the room, cannot be formed when 
low, long radiators are used. A glance at Fig. 49 will show that 
in the case of the high radiator kept at 190° or more in cold 
weather, the velocity of the ascending currents of warm air is 
too great to allow such circulation as is shown in Fig. 48. It 
will be seen, too, that there is a line drawn physically above 
which the heated air must ascend to the cniing rather than 
circulate within a or 3 feet from the floor as it ought to do, 
This line may be indicated by a temperature of So" in the 
air as it leaves the radiator 3 feet above the floor. Again, if 
the length of the radiator is 6 feet instead of 3 feet, the surface 
over which the heated air is spread is increased twofold, with the 
result that the admixture of the cool with the heated air will be 
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perhaps three or four-fold. Not only will the air near the floor 
be heated more equably, but the velocity of the currents in 
the room will be reduced so considerably as not to be mani- 
fest to the moat delicate nasal organ. Persons sufTeriog from 
hay fever or susceptible to sneezing which is induced by currents 
of air must either be half-asphyxiated in consequence of every 
crevice being closed in the winter, or suffer continually, but if 
the rooms are heated by a long length of radiator kept at a low 
temperalLtrei perfect comfort and immunity from these trouble- 
some atfections of the nasal organs can be enjoyed. 

^Vhy keep the water in the radiator at a comparatively low 
temperature? In the first place it is not possible to have a heat- 
ing surface above 150* F. without causing appreciable chemical 
action in an atmosphere where readily decomposable organic 
Compounds are present even in trifling quantity. Hence the 
more the temperature rises above 150", the greater the odour 
of atr burnt by hot iron in the room, whilst the activity of the 
bacteria in the air is much increased. The currents of air in 
a room must vary greatly according £0 the movements of the 
occupants — especially ladies, on account of their dresses — and 
still more if a door is opened to the hall, which may communi- 
cate with the outer atmosphere either through another door or 
through a window upstairs. It will be seen, therefore, that it 
is impossible to avoid some breath being drawn down to the 
radiator and passing over its heated surface, hence the wisdom 
of keeping the radiator at as law a temperature as possible. 
Again, as already foreshadowed, it is likely that the air leaving 
a radiator z6 inches high kept at a temperattire of 200° F. will 
be warmer than from the top of a radiator 38 inches main- 
tained at i2o" F. There is no line of temperature that can 
be drawn at which it may be said that the beating of a radiator 
is perfect at that point and imperfect at any other. Nor can 
the same be said with regard to heating by the radiations from 
a fire. The idea expressed in so many books on heating that 
the term radiator is a misnomer 15 not true. Radiators da 
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radiaff as tru]y as a fire does, only the radiations have longer 
waves, and give rise to less heat when intercepted. Returning 
to the question whether there is any temperature at which an 
ordinary radiator is perfect for heating afr, the answer is, that 
in all cases of heating the lower the temperature of the heater 
the lower will be the temperature of the air in the upper part 
of the room, providing the illuminant is the same, and the less 
decomposition of organic matter will result- What is wanted 
in heating a room is to keep it tkrougkout as near as possible to 
the temperature at which the human body feels comfortable. 
If this is 6a°, then the nearer the air approaches this, both at 
the floor level and ^^hse to the ceiling:, the more perfect will be 
the heating. With this end in view> it will be seen that the 
best and only way to secure such a result is to use as low end 
hng a length of radiator as posstMe, and keep the temperature 
of the water in the radiator at or below 150" F. When this is 
done, the comfort and health-affording virtues will be at their 
maximum! 

It may be contended, even if the foregoing advantages are 
adtnictedf that such an arrangement would require a very much 
larger heating surface and increase the first cost of the apparatus. 
It would, but tt might be well to inquire to what extent. If it 
is concluded that 40 square feet of beating surface is enough 
for a room containing 3,000 cubic feet of air, provided the 
radiators are about 200" F., it may be assumed that 60 feet of 
heating surface will be necessary so as not to heat Che water 
above i$(^ F. when the air outside was at 32" F. All this may 
be true, and it is further admitted where a dining or other 
living-room is used as a smoking-room, which wants free cir- 
culation of air throughout the night after the occupants have 
retired, 65 square feet or even 70 feet would be an advantage. 
For a drawing-room rarely used, which can have its ventilators 
and registers dosed, less heating surface will be necessary, 
because the walls can be kept warm by allowing little air to 
circulate when the room is not occupied. The tenant and the 
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builder who instals a hot-water apparatus when the house is in 
building must not forget to make sure that the grates can be 
dosed air-tight, and that the chimney -breast ventilators are 
capable of being closed perfectly also, then the rooms can be 
fcept warm through the night with the expenditure of as little 
heat as possible during severe weather. Let it be assumed, how- 
ever, that one-half as much again of heating surface is required 
on an average in the living-rooms of a villa, which are three in 
number, and that i6o cubic feel of surface are necessary — what 
is the extra expense ? A matter of ^^ simply. Let it not he 
concluded from the above that this arrangement of long low 
radiators is recommended only for the living-rooms — it is an 
excellent method which gives the best resiilts to have a large 
surface at a low temperature in the bedrooms^the corridors 
will also be mare equably warmed and kept at a higher tempera- 
ture for the same expenditure of fuel in the boiler by using this 
method, and being generous in the heating surface throughout 
the house, If it is calculated that the e^ttra cost of increasing 
the heating surface of the radiators on this generous principle 
will be a matter of j£ts ^'^^ ^ house with ten rooms, surely such 
a sum is trifling compared with the benefits obtained. Further- 
tnoref the tenant will have interest on the extra outlay returned 
to him when he pays his coke bill, for at least 30s. per annum 
will be saved. The amount of heat taken from the coke btimed 
on the slow combustion principle, when the water does not ex- 
ceed 150°, is vastly greater than the proportion absorbed by 
water at zoo^. 

The practical engineer, who is puzzled by equations and 
abstruse calculations, wiU doubtless rejoice in the apparent 
simplicity of the deductions. Moral, — Be most generous in the 
heating surface supplied, and, mind, do not make an error on 
the wrong side. Nothing could be more simple i It is not as 
simple as it looks. The tenant does not regard the presence 
of a long length of radiator as an ornamental piece of furni- 
ture, aod there are considerations which make it as unwise to 
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err at all, in providing &i^trmuch heating surface as in allowing 
too little, and the question of space is also important. The 
radiator must not be fixed too close to the wall. Such ad- 
vice can be repeated with emphasis. If a clear 3 inches is al- 
lowed all the better, but the radiator must not be closer to 
the skirting at the bottom than s inches. Of course much 
will depend upon the form of the sections, and whether there 
is a good distance between them, but it is advisable to have at 
least 2 inches clear between the farthest projections of the 
radiator and the wall wherever possible. Another serious ob- 
jection Co the presence of excessive heating surface in a room 
is the difficulty of keeping the temperature low enough in living- 
rooms when the temperature outside is 50" or more. There is 
no question that this difficulty must he surmounted if the heal- 
ing apparatus ts to be effective. In the spring and autumn the 
atmosphere is often extremely raw when the outside tempera- 
ture is fully 50°. The chilly feeling experienced is more due 
to the dampness of the atmosphere than to the actual tempera- 
ture, but it is as real as it is uncomfortable. There is no time 
when a heater is more serviceable, and in order that the ap- 
paratus shall be workable the radiators must not have more 
surface than necessary. If the position of the room and the 
arrangement of the pipes are favourable to two radiators being 
fixed the heating will be more even, and one radiator can be 
cut off aEtogether in miid weather. Under these circumstances, 
the hot-water engineer cannot err much if he allows a large 
heating surface. He should make himself thoroughly ac- 
quainted, however, with all the difficulties of circulation when 
water Js below roo^ F. in temperature, and fix the pipes, joints 
and bends in such a manner as to ensure success in this particu- 
lar, for it is here that partial or complete failure s;o often occurs. 
The practical engineer may perhaps ask: "Cannot some 
reasonable figures be given as a guide to the heating surface?" 
They can, and the following table will give a fair idea of the 
heating surface which it is wise to adopt. It should be under- 
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Stood, however, that all the local circumstances must be duly 
considered and altowances mads for the heat of the pipes and 
hot-water tank to a bath on the one hand, or the peculiarly iso- 
lated, exposed or elevated position of a house on the other hand. 
If the boiler is in the basement under a. living-room that room 
will be the most comfortable on account of the floor being 
beated underneath. 

Table Showikq the Number dp Cubic Feet or Ajr Heated by One 
Square Foot of Surface to 62" F. when the External Air is 

ABOUT 32^ F, ANB THE RaOIATOK COeB MOT EXCEKP 150° F. 



Main Kail,, Ground Floor . 
Upsiaitfi Corridors and Landings 



60 cubic feet. 
70 



Bedrooms facing east 01 nonhwithi wall exposed. 60 

„ „ r, 2 wskla e^cposed 55 

»» 11 th 3 11 5° 

„ AouthoiweBt „ xwaUexpoBed. 65 

„ ,, „ 3 walls expoGsd 60 



Day and Ktght Nmseries .... 

„ „ if badly exposed to east 

or north on two oi more sides . . < 45 
Din lug- room with I wall exposed, if used at 

family livin^-rDOm and for stnolcing , . 47 
Dimng-foom with 2 walls exposetl . . ^ 45 
1. 3 -. badly . . 43 

Morning-ioocn, if much used as living-room and\ &ame as dining- 

for smoking . , . . f . ./ room. 
Drawing^-iOom with 1 wall expoaed , , .55 cubic feet. 
II 11 a walla exposul . . .53 

I. .,3 .> ■ . 

BtUiacd-rootn or Library .... 
ir ,r badly exposed 

Smoking-room 

), badly exposed 

With the above provision the bedrooms wiH reach 55' in seven 
weatAer, and if the inlets and outlets are closed, they can be 
nicely warmed before the occupants retire, then as much air as 
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is liked can be made to circulate. The night nucsery does not 
apparently need so much surface, but it must be remembered 
that the radiator can be regulated by the valve:^ ai^d It is most 
useful to be able at any time to increase the temperature of 
the room in case of illness. // is a most wise provisioitt eusen 
though et nursery I's ficf Used, to have a bedroom whiih can be 
conshienily and strongly heated 7v}i£n reguired. 

No better position for a fresh-air inlet can be found than 
immediately over the radiator^ and the supply should be so 
subdivided as to fall into the heated atmosphere rising above 
the radiator from one end to the other. In this way, if the 
inlet air falls from a shelf for holding pottery as described on 
page 68, it will mix with the warm current coming up and cool 
St, so that near the ceiling the air will not be at a high tempera- 
ture and the effect in the room will be beneficial. If, however, 
there are two or three good-sized windows to a room, and some 
air has been allowed to rise from below the floor when the 
pipes were laid, it will generally be found that there is a fair 
supply coming in provided the chtmney-flue is not blocked 
with soot and the friction upon the outgoing air is reduced. 
If the air supply is deficient, the inlet arrangement suggested 
is excellent. 

Another most important consideration is that of the posi- 
tion which a radiator should occupy in a room. The general 
idea of most engineers is that it should be fixed in the coldest 
part immediately beneath the largest window surfaccj and this 
is the plan most frequently adopted in public buildings also. 
We are not dealing with places of worship, halls or other large 
buildings where persons sit near windows and experience the 
cold air falling directly upon them, but with dwelling- rooms in 
which persons do not sit beHcath mndoufS under ordinary dr- 
iumstances. It will be as well to look closely into the |)hysical 
conditions resulting from a radiator being placed immediately 
in front of a large window to see what happens. The hot 
air rises to the ceiling near the window, and there it is sub- 



220 VENTILATION AND HEATING OF DWELLINGS, 



jected to the pressure which results owing to the difference in 
temperatQre between the air at the point where it gets into 
the flue by the e^^te and that which exists near the ceihng. 
Under these circumstances, the tendency is that much of the 
heated air shall escape through the crevices around the top of 
the window, and whenever the wind suction is exerted upon 
the window Quhidi this leakage of warmed air will be aggra- 
vated, with the probability at times that there will be an inter- 
mittent down-draught in the chimney-flue making matters still 
worse. The second objection to placing the radiator under a 
window is the fact that ^fr^u^ and unnecessary dratiation of hot 
air occurs right against the cold glass. It is well known that 
the heating effect of a radiator depends greatly upon the 
velocity with which the air is made to impinge against its sur- 
face, hence a small radiator would heat much more air thati a 
larger one if a fan was used to cause a sharp current to move 
against the heating surface. In the same way, naturally, the 
cooling effect of a refrigerator will depend upon the velocity 
of the air coming in contact with it. The glass of the window 
is such a refrigerator, and the radiator beneath causes a power- 
ful current to move over it with the result that tnuch heat is 
unnecessarily lost. To prevent this loss of heat at the windows 
the radiator should be so placed that the circulation over the 
glass is reduced as much as possible. On the other hand, care 
must be taken to provide that the cold air as it moves towards 
the radiator does not have to pass over the feet of persons: 
sitting in the part of the room which is usually occupied. The 
plan of a room as shown in Fig. 50 is lettered in such positions 
as a radiator can he fixed. The radiator should not be fixed at 
A or B, because the cold air from WWW would pass over where 
the occupants chiefly sit at S, and a further objection is that 
if a chimney-breast ventilator is used and fixed above F there 
will be a tendency for the heated air to travel direct into it. 
If no chimney- breast ventilator is in position, and the outlet is 
through the usual fire-grate, the pressure of the co!d air will 
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force Che heated current right against the ceiling and towards 
the upper part of the chimney- breast, so that the air above the 
mantel will be much hotter than that at the other end of the 
room. The door is at D^ leading mto the hall* and if the 
latter is heated the best position for the radiator is at R. If 
the room is large and the window surface does not admit of 
much air coming in, and inlet air should be provided, the posi- 
tion at R is stili preferable when the radiator will be near an 
outer wall, bKause the inlet air can be allowed to stream down 
as mentioned on page 68. If there is a window at W^ in ad- 
dition to those at the end of the room as in Fig. 51, the 
radiator is at K because the cold air will be led away from 
where the occupants of the room sit. Should the room be 
large^ and the window space considerablCj the best plan in the 
case of Fig. 51 would be to have a second radiator at R*. 
With regard to Fig. 52, the arrangements of the radiator and 
the windows is such as to ensure the absence of draughts if the 
hall is heated, and when a chimney-breast ventilator is employed 
the heating can be made very satisfactory in a room having 
windows so placed. If the room ts 30 x 20 feet two radiators 
fixed at R' and R^ will give good results, and allow single- 
column sections not more than s6 inches high to be used. 
When the width between the windows is smalU and the lead of 
the pipes will allow, two radiators are preferable, A room like 
this, 40 X 25 feetj would be very efficiently heated by three 
radiators fixed In the positions shown, R being the largest 
radiator, and R^ and R- being placed a little nearer the middle 
of the end of the room. Fig. 53 is a room not unlike the pre- 
ceding one, only the door is on the other side and the windows 
aie a little differently arranged. If the hall is cooEj it ts very 
important to make sure that the air at the floor level flowing 
towards the heater does not travel over the feet of the occu- 
pants. If the hall is to be well heated, and the room is not 
above 18 feet long, one radiator at R will be satisfactory, but 
two radiators, one at R* and the other at R^, will give the 
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even heating, and if the room is more than iS feet long two 
had better be used. 

If the windows happen to be at the other end, or at the 
other side of a room like that given in one of the i Illustrations, 
place a small piece of iraciog paper over the drawing, trace 
roughly and look at the under side of the paper, then the 
position of the radiator will be rightly shown. 

As the position of the bed or beds in a room is an important 
consideration, some examples of bow radiators should be fixed 
in bedrooms are given. W stands for window, F for hearth, 
R for radiator, and B in all cases is for bed. Fig, 54 has 
windows at one end, and on no account should the radiator 
be fixed under these windows, because when they are opened 
fairly wide it will probably happen that the air from without 
will fall upon the heater, and escape into the open without 
taking any part in the ventilation of the room. Where possible, 
the radiator should be near the centre of the room, and the 
position shown in the figure is very good. In Fig. 55 the best 
place for the radiator is between the windows, but where the 
width is small the radiator may be carried somewhat across the 
woodwork on either side. In this case, if a chimney-breast 
ventilator is in position, open the windows a httle at the fiottom 
when required. In Fig. 56 the radiator should not be fixed very 
close to the windows if it can be avoided. The radiiiior in Fig. 
57 is best placed about half-way from either end of the room. 

The writer does not think it necessary to multiply the illus- 
trations showing positions of radiators. The following points 
should always be kept in mind. 1. The radiator is to be 6xed, 
wherever possible, at the other side or at the other end of the 
room in which the outlet occurs. 2. In living-rooms healed 
by hot water alone it is imperative that the cold inlet air does 
not travel over the feet of Che occupants as it gets to the 
radiators to be warmed, and in fixing the radiators it should 
always be assumed that no fire is Co be lit in the room. 3. 
Avoid fixing the radiators under windows, and where only one 
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equidistant from either end of the length of the room where 
possible. If the fire-place is at the end of the room, and the 
latter ls long, the radiator is best fixed at the side about one- 
third from the farther end. 

The arrangement of the radiators as shown will frequently 
interfere with the one-pipe system being used exclusively, but 
it is better to study the comfort of the occupants and adopt a 
two-pipe system where necessary. In no part of the house is 
it more essential to avoid perceptible air currents than in the 
bedrooms, hence it is not wiae to fix a heater directly opposite 
the side of a bed ; but, whilst this point is duly CQr;sideTedr the 

radiator should be fixed aa 
near as is reasonable to the 
foot of the bed, in order to 
make sure that the fou) air 
shall be efficiently removed 
from that part of the room. 

For a billiard -room, when 
there are no other rooms 
above, and which will most 
probably have three walls 
exposed, a battery of pipes. 
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B, Fig» 5B, can be placed immediately under the table, shown 
by dotted lines, and supplied with a reasonable amount of 
inlet air, otherwise two radiators should be fixed or even three 
small ones if the room is very largCn Low radiators will 
not interfere with the players as long as they are situated 
near the walls, and if the room is wida enough, two such 
radiators, one on either side near the centre of the table, or one 
at either end so arranged as to prevent much movement in the 
air directly over the table, will answer well. If, however, the 
room is lit at the R end of its length, a battery of pipes can be 
fixed under the table and a double row of pipes placed under 
the floor across the windows. A radiator at R and another at 
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R^ will be semceable if the room has an outlet in the centre, 
and is lit from the side or from the top. In this case ihe battery 
under the table may be dispensed with. The hot air rises 
under the table and sticks there, getting into the room with 
difBcuHy, so that unless the battery is fed with fresh air from 
without, the heating effects are intermittent and uncertain. On 
the other hand, if the room is narrow for its length, the radiators 
shodd not be fixed near the middle, else the warm current will 
be drawn from either side over the centre of the table, and give 
rise to hot waves alike unpleasant and undesirable. This state 
of things will be aggravated as soon as the illuminants over the 
table are lit, especially if gas is used. If a battery of pipes is 
beneath the table the same effects are experienced as soon as 
the gas is lit, only they are alternated with cold douches of air if 
the wind pressure is exerted upon the inlet air grating. It is 
generally best, therefore, to warm the room from the ends, and 
fresh air can be admitted and warmed by letting it fall some 
three feet or naore above the heaters with some such arrange- 
ment for subdividing as mentioned on page 68, Where the 
outlet is through the chimney-flue the radiators at the ends 
can be arranged as shown, but if the room is nearly as broad 
as it is long they could be fixed at R^ and R^^ 

With regard to indirect radiators, not much will be said* as 
they are not recommended for dwelling-houses* The term 
" indirect " radiator is generally understood to mean an arrange- 
ment at the bottom, or in some other part, for the admission 
of cold, fresh air from without, which is warmed by the 
radiator before getting into the room. If fresh inlet air is 
wanted it is best obtained by the shelf or some such arrange- 
ments already referred to. If this is done the hot current of 
air leaving the top of the radiator is tempered and cooled 
somewhat by the subdivided inlet air, and this method not 
only provides fresh air, but also prevents unnecessary heat 
getting to the ceiling of the room. Nor is this all, because the 
lower part of the radiator, through which inlet air is usually 
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admitted and warmed, is greatly cooled in the operation, with 
llie result that the air in the lower part of the room is not 
properly heated and is consequently cool for the feet. Further- 
more, as the inlet air comes through the lower part of the 
radiator it is impossible, without close supervision, to pre- 
vent much cold air escaping into the lower part of the roorn 
and difTusing itself more or less all over the floor, making it 
unpleasantly cold. There are "indirect" radiators on the 
market which admit the fresh air at the top through tubes in 
the inside of each section. During very cold weather these 
inlets act all right, but, owing to the friction which the air en- 
counters in travelling up a narrow tube, the value of such 
indirect radiators is somewhat lessened during weather when 
most inlet air is required. If the radiators are arranged as 
pointed out in this chapter, the tenant will find it as easy to 
manipulate a window as the valve of the air inlet, whilst in 
severe weather the leakage through this valve will probably be 
enough to prevent the radiator being able to keep the temper- 
ature of the air in the room sufficiently high owing to the great 
vo!utne which finds its way around the window sashes, etc. 
Indirect radiators are expensive things to buy and to fix, but 
if they are used because the house was constructed with that 
end in view care should be taken to ensure that the air inlet 
can be properly got at to be cleansed, and Chat it can be cut 
off as completely as possible when desired. 

Before the radiators are fixed, it is usual to give them a 
primary coal of paint, and then finish ofl* with two or more 
coats of the colour which may be thought most fit to match the 
surroundings. If the radiators are coated with a thiOj dea^ 
black before fixing, having so little oil in It that there is no 
shiny appearance after dryingf they can be covered with a coat 
of Berlin black subsequently, or, better still, with good black- 
lead enaraeline, and after some experience it will be found that 
the appearance of the radiator is all that is desired. There 13 
no chance given to the maid to neglect the dusting, as dust is 



HEATING BY HOT WATER. COllX^ASES, 



227 



at once visible on a black ground. If the radiators are painted 
to match the paper they may be of a colour upon wbich dust is 
not visiblej, andf furthermore, so much oil and varnish may have 
been used as to sedously interfere with the rapid etnanation of 
the lower tones of radiant heat energy. If, however, the radia- 
tors are painted, and much oil and all varnish eschewed, the 
colour of the radiator does not interfere much with the heating 
powers. White mclal paint> bronze paint or any bright, metal- 
lic coating is inadvisable, because it interferes with the quantity 
and frequency of the radiations. On this account Dutch foil 
and imitations of gold are to be avoided. 

Among the adornments sometimes adopted for radiators 
are alabaster or marble copings fixed upon the top. The 
writer could never see where the decoration came in, but it 
was obvious that what was done was quite wrong from a physi- 
cal point of view. The tendency of hot air to stict against 
horizontal surfaces, through the pressure of the cooler air under- 
neath, has been tnentioned more than once, and the covering 
over of a radiator so as to bring this about greatly hinders the 
heating power being effective. If the radiator is fixed near a 
wall, and the distance rendered less by the adoption of a marble 
or other topj. the hot air will pass through the narrow space with 
high velocity, and get up to the ceiling before much cooler atr 
has mixed with it. On no account, therefore, cover the lop of 
a radiator, nor adopt a form which has a projecting or dome- 
like head, which js wrong in principle and not more ornamental 
than many of the radiators on the market whose lines and 
finish at the upper ends of the sections are all that can be 
desired. 

As the catalogues of makers of hot-water apparatus still 
show the old-fashioned coil or battery of pipes covered with 
omametital, perforated iron cases, a word may be said with a 
view to hasten the btirial of these monsters. A battery of pipes 
is first fixed near a wall, and after this is done a large cast- 
iron case is placed over them. This case, like the drawing- 
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room radiator, must have a marble covering in the ancestral 
mansion, and the top is consequently air-tight. If the air can 
get in through the perforations at all, and very littie can owing 
to the friction encountered in passing through such small holes 
as are generally provided, it is first warmed and then pressed 
forward so as to make its exit through the perforations near the 
level of the marble top. Now just where the hot air wants to 
get Out, it meets with the back pressure of the cooler air outsidCj 
hence the circulation through the ornamental case is reduced 
to a minimum* and what air escapes is so hot as to rise quickly 
to the top of the room or corridor as the case may be. The 
wall at the back of the pipes receives strong heating, and much 
warmth is diffused throug;h it and probably lost. If a battery 
of pipes is thus covered, the deposit of dust not only causes 
the warm air escaping to have a stuffy, musty odour, but the 
effective heating power is further greatly reduced. It must not 
be inferred from the above remarks that coils or batteries of 
pipes are viewed with disfavour—on the contrary, they can be 
made most effective heaters — it is the covering of these with a 
case, especially if closed at the top by a marble or other slab 
without perforations. If an iron case is desired to cover a coil, 
let it have perforations not less than one inch square, and let 
there be a targe perforated surface sn top. In addition to this, 
the front should be clear and open from 3 /(? 4 inches abase 
the kvei of the fioor in order that the cold air way get in at the 
bottom^ The perforated front should be so fixed that it can 
be removed without difficulty, so that the pipes can be cleaned 
frequently. There is no quesrion that the modern radiator is 
much more sanitary, as well as a rauch more effective heater 
than the old boxed-up coil. 
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These is another method of indirect radiation or heating by 

hot-water pipes which must receive consideration. This 
method involves the use of a large battery of pipes or radia- 
tors massed together in one room in the basement of a house. 
Cool, fresh air from the outside is admitted to this heating- 
chamber, andj after being warmed, it is led through channels 
or ducts either inside the walls as in the case of a house built 
for the purpose, or fixed in corners of the rooms to carry the 
warmed air from floor to floor. The gratings through which 
the air passes into the rooms can be fixed either in the iloot or 
at one side of the room in the skirting. It is roost wasteful 
and costly to fix a battery of pipes under the floor of each 
Uving-room because the loss of heat, the extra expense, the 
difficulty of cleaning the apparatus, and other considerations 
relating to the struciure of the house make the plan altogether 
unfeasible. The objections once raised as to the unsightly 
character of radiators, if they ever had weight, are now dead 
and obsolete. The common-sense view that what is most 
useful as well as comfortable can be made ornamental prevails, 
but, as already mentioned, many radiators on the market are 
highly artistic in finish, if not elegant in design. If the plan of 
distributing hot air into the rooms of a house is to be manage- 
able and workable by a servant, the air must be warmed in a 
room in the basement. A furnace similar to Fig. 32, page iSo, 
may be used, or another form, Fig. 59, which will enable the 
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back of the boiler being in the heating-chamber, and thus add 
to the heat of the hot-water pipes or cotlsj whilst the two sides 
will be bedded in the parting wall. If Fig. 59 is used for this 
purpose the maJcers should be asked to construct it so that it 
shall have extra coke supply. On no account must the furnace 
doors, coal supply or damper be either in the air-chamber or 
connected directly with it. It is not possible to take too great 
precautions to make sure that neither sulphur dioxide nor any 
other deleterious gas gets into the air supply. If there is an 

ir~F"" ' 'iiiiiiiBiniita appreciable vacuum in the 

,^IP'"" ■ ,.;:iiiiiiPhs heatine-charEiber, and the 
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full pressure of the outer air 
exists against the doors of 
the furnace, the tendency 
will be for air and other gases 
to pass through any cracks 
or interstices in the brick- 
work or masonry between 
the furnace-room and the 
heating- chamber. In view 
of the frequent changes of 
pressure which will exist in 
the heating-chamber itself, 
it may be as well to point 
out here that it is best to 
let the pressure of the outer 
atmosphere exercise considerable power at the end where 
the fresh air comes in. To effect this, the inlet for the fresh 
air should be larger in area than the combined arms of all 
tke duthU ti? tkt various floors. If this is the case there 
will not be much difference in pressure between the air 
outside and that in the heating-room, excepting of course 
the pressure corresponding to the heat which has been ab- 
sorbed by the air from the hot-water pipes. The part or 
whole of the heater exposed in the furnace-room will counter- 
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act the lesser pressure due to heat absorbed. In this method 
of heating great care is necessary in distributing the warmed 
air, so that a fair share shall pass into every room. Too 
much stress cannot be laid upon this injunction, Special 
attention must be given to the air supply of the living-rooms, 
halls and passages on the ground floor. The ducts must be 
large, no sharp bends must occur, nor must the air be led 
through horizontal channels. Unless the headroom in the 
basement is considerable, S feet or morej, it will not be pos- 
sible to get much pressure upon the air supply to the first 
floor. The ducts or channels should in each case be equal to 
an area of 144 square inches, and rise as direct and vertical as 
possible from the heating-chamber. If the heating-chamber is 
not situated near the centre of the house, it is almost impos- 
sible to get this direct air supply, and the value of the system is 
much impaired in consequence. It is possible to carry a " lead " 
so as to fix a small battery of pipes directly under a room which 
is too far removed from a heating-chamber, but it is an expen= 
sive and wasteful arrangement, and it is best in that case to fix 
a radiator in ihe room itself. It has been stated in the last 
chapter that it is necessary to have the heating medium as near 
as possible to the floor, and, better still, to have it under the 
floor level. It will be seen, therefore, that it is not advisable 
to fix the inlet grating for fresh atr in the side of the wall or 
above the skirling. On the contrary, if it is fixed vertically it 
should not only reach the floor, but descend below it some- 
what with a slanting front so that the cold air on the floor may 
be drawn into the ascending current. The grating should 
have large apertures not less than i| inches, and 2 inches 
would be better, so that little friction would be encountered by 
the air coming into the room. It is much the best plan, to admit 
the warm air through the floor rather than by a grating in the 
side of the wall, only the size of the floor grating must be duly 
considered. If the size of the inlet grating is inadequate and 
the openings are themselves small, the air coming in may rise 
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with some velocity, and the tendency will be to get to the ceil- 
ing without much admixture on its way. If on the other hand 
the warm air gets into a room by a grating which is not less 
than 3 square feet in area, with perforations of considerable 
si^e, the air near the floor wilt so mix with the warm air that 
the stratum of air at the floor level wiU not be more than S^ 
less than it is at the ceiling, Th& secret of success is to have tk£ 
warm air coming up ihrsitgh a long, open grating, and when 
this is provided the grating is best fixed in the floor. Care 
should of course he taken in fixing this grating that it can be 
raised easily and Ifept thoroughly clean. 

As the ait pressure at the back of the warm supply will be 
so small, for we are dealing with a warm-air supply working by 
natural means and withoQt any mechanical aid, it will be seen 
that if a door or window be left open through which the force 
of a breeze or wind outride comes into a room or into a hall, 
it is quite possible that the warm air will be driven back upon 
the heating-chamber. If the fresh air supply happens to be 
fixed upon the side of a house where the wind exercises suction 
when it blows from a certain quarter, and the door of the house 
is so situated that the wind in question blows into the hall or 
into any other rooms which may have their doors open* it is 
possible that the warm air wili not only be prevented from 
getting into the hall and other rooms concerned, but it may 
actually be driven out through the fresh air inlet- The action 
of the winds must, therefore, be carefully studied, and if they 
exercise suction upon the air inlet on the outside, this suction 
should be prevented* Precaution should be taken that no 
undue pressure shall be exercised when the outer doors are 
opened- Double doors should be fixed, and a small lobby 
formed so that a person before entering the hall shall shut the 
outer door. It is well to treat the back, door in a similar way 
if it is exposed to the action of the wind. As long as the 
temperature of the air outside is below 50° F. no window 
should be opened in the ground floor rooms — at any rate the 
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window must not be opened widely enough to back the warm 
air coming up. If sufficient warm-air supply is possible it is. 
best to rely upon this, and not to open a window. When, 
however, through some accident the pipes have got very hot, 
and it is not possible to endure the air coming in, fresh cool 
air can either be admitted from the floor of the heating- 
chamber Or a window can be opened somewhat. As long as 
the heating coil maintains an even temperature the supply can 
be easily regulated. Owing to the very variable temperatures 
experienced during one week in this climate the supply of fresh 
air by the main inlet should be so large that, on a sudden rise 
of temperature, a considerable portion of the heated air could 
be expelled through a flue or shaft into waste. If each room 
is provided with a regulator to cut off the air supply, and this 
is done because the temperature of the air has increased 
suddenly, it stands to reason that the air supply to the otber 
rooms will become still hotter. This is one of the dis- 
advantages of the system. If again other room inlets are also 
closed, those left open will send in air at a very high tempera- 
ture. To make the system as workable as possible some 
safeguard against a sudden increase of temperature upon the 
air outside must be provided. To fix a separate cool air duct, 
or to arrange the one front the hot air 50 that cool air can 
enter at the bottom by moving a lever, may help matters 
somewhat, but owing to the want of pressure upon the air 
coming into the living-rooms such a provision will be of little 
practical value. The best plan is to provide a large duct near 
the top of the heating-chamber which communicates with the 
outside air. This duct must have a door which will i/ose air- 
ii'gAt, otherwise much fresh air will pass away when it is re- 
quired in the rooms. If such an arrangement is furnished, 
the ah supply to the rooms^ when once properly gauged and 
apportioned, can remain as such and be rarely altered. The 
person in charge can tell by a thermometer hanging in the heat- 
ing-chamber, and whose graduated stem is visible in the furnace- 
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room, whether the air supply is loo hoi or otherwise, and open 
the waste duct if necessary. A little care and forethought will 
enable the caretaker to manage matters satisfactorily if this 
safety valve, this outlet duct, has been provided. The outlet 
should not open wide enough to cause too much heated air to 
escape, but, ou the contrary, there should be enoTigh pressure 
in the heating-chamber to work the air inlets on the ground 
floor. 

The next consideration is what should be the temperature 
of the warmed air as it enters the rooms. This at once leads 
Co the question of how much air will be required. In answer- 
ing these questions the supply to the living-rooms should have 
first consideration. It has transpired already that the chief 
difficulty lies with the ground floor supply, owing to lack of 
pressure, Attempts should be made, therefore, to send as 
large a volume as possible into these rooms. If this is done 
the initial temperature of the air leaving the heating-chamber 
need not be so high. The air entering the room must be of 
sufficient temperature to supply the loss of heal due to windows, 
walls, etc., especially the loss due to outside walls with a north 
or east aspect. After this has been done the room must be 
comfortable, and the thermometer should indicate a tempera- 
ture of 62'' three feet above the floor, whilst the temperature of 
the air at the floor level ought to be 57° or more. It should 
be remembered, too, that the lower the temperature the warm 
air enters Che room the less will be the velocity of the air as it 
rises in the room itself and the less will be the volume which 
gets to the ceiling without much admixture with the cooler air 
below. Taking all these points into consideration, the tempera- 
ture of the air as it leaves the heating-chamber should not 
much exceed 70" F. if it can be avoided, even in the winter 
when the outside thermometer stands at or below 40° F., and 
65" ought to do when the outside thermometer is at or above 

Having made the necessary adjustments for the supply of 
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warm air to each room on the ground floor at the heating- 
chamber end, attention can be directed to the ducts conveying 
the air (0 the first floor and any other floors which may be 
above it. If the height between the ground floor and clie one 
above is lo feet, there will be an increased ventilating power 
upon the air inlets on the first floor corresponding to the differ- 
ence in temperature between the warmed air and the cooler air 
outside. If the warmed air is at 72° F. and the air outside is 
at ^2^ F. a column of warmed air to feet high will he raised 
with a pressure equal to 7 of an ounce per square foot, equiv- 
alent to a velocity of 4-4 feet per second in the open. On 
account of the considerable friction which the air will encounter, 
it will be seen that the ducts to the first floor should not be 
less than 18 x 6 inches or 12 x 9 inches. By adding another 
10 feet, or carrying the ducts Co the second floor, the increased 
pressure will be doubled, hence the channel for the air supply 
can be of less area than for those to the lower floors. It is; 
well to remember that if there is only a ventilating pressure 
equivalent to a column of 5 feet of warmed air to the level 
of the first floor available that this will only give rise to a velo- 
city of rather more than 3 feet per second in the open air, 
hence the ducts must be large, and sharp bends in the ducta 
and horizontal channels must be avoided, else the arrangement 
will not be workable. By introducing the fresh air inlet at the 
lowest point in the basement the ventilating pressure will be 
increased, because, although the battery of pipes may not rest 
upon the floor of the heating -chamber as it would he below tlse 
return to the boiler, the very appreciable radiations shot below 
the battery even to the floor level will add much to the heat 
of the air, and so give rise to a longer column of warm air and 
a corresponding ventilating force. 

The practical heating engineer will observe that one very im- 
portant /actor has been omitted, and that no notice has hitherto 
been taken of the ventilating force due to the column of warm 
air in the chimney or other flue forming the outlet of the 
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room. This has not been ignored, but it is beat to consider the 
dehvery of warm air into the rooms of each floor separately, 
and distinct from the outlet conditions. The air supply to the 
rooms on the ground floor should be workable whether they 
have iheir doors closed or whether they are open, and if windows 
are open on the landings or in bedrooms whose doors are not 
closedj so that the hall is over-supplied with air from above, 
the warm air supply to the living-rooms must t^ot be much 
hindered. The foregoing arrangements are suggested with a. 
view to making the system as workable as possible. 

With regard to the outlets, the same form already recom- 
mended in the case of direct heating by radiators can be 
adopted. If a fire-place is fixed in the room the ordinary 
outlet through the grate can be used, but the chimney-breast 
ventilator mentioned on page 30 is much to be preferred for the 
reasons already given. If the hot air is intended to warm and 
ventilate the apartment without recourse to a fire in cold 
weather or indeed to a (ire at all, if possible, the chimney -breast 
ventilator must be larger than that used in conjunction with 
a (ire, and of about the same area as the flue itself^ It should 
be capable of nice and easy adjustment, fitting accurately when 
closed, so that in very severe weather, when the room is not 
in use, \t may be shut completely in order to husband the 
warm air at command. 

This system is workable in the majority of houses, but the 
same conditions which conduce to the formation of smoky 
chimneys exercise a baneful influence upon it> If the staircase 
in a house is of the *' weil " pattern and ascends to a considerable 
height, there being two or more floors of bed-rooms, and the 
chimney-flues of the living and bedrooms are in the outer walls 
and coM, great care must be taken that the " pull " upon the 
air in the hall does not cause a down-draught in the flues of 
the living-rooms whenever a door is opened, because if a down- 
draught is once established the warm air will be forced through 
the crevices around the windows and the fresh air supply will 
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be backed even after the doors of the rooms may have been 
closed. In a house so arranged the " well " staircase may be 
compared lo a chimney-ftue of huge dimensions in which the 
friction of the air as it moves upward is practically insignificant. 
If there are windows and outlets to the roof or a lead flat the 
air escaping through the interstices around tlie sashes or lights 
will be of immense volume in cold weather, although the 
windows or lights may be closed. This state of things will 
give rise to two evils. In the first place the air passing into 
the hall through the duct on the ground floor will be suljjected 
lo unnecessary and great tension, so that it will scarcely be 
possible to regulate it aright, the result being that, whether too 
much gets in or too little, there will be such an upward move- 
ment and partial vacuum formed that the ventilating force in 
the hall will be greater than that in any flue in the outer wall, 
except probably one in a small room having a sheltered and 
warm aspect. 

If a house so arranged ha9 been built with warm air ducts 
complete, and the trouble mentioned has been experienced, 
the hall had better be kept as cool as possible unless the stair- 
case will admit of being shut off from the second floor by a 
glass partition and door so as to divide the height into two 
separate air columns and reduce the ventitating pressure upon 
the hall. Another source of much trouble, as in the case of 
anioky chimneys, is the action of the wind both upon the top 
of the chimneys and outside the windows of rooms. Good 
chimney-pots should be used which will not prevent some 
suction in summer but will not allow the wind to cause inter- 
mittent currents and down-draughts iJi the flues. 

The following is a modification of the above system. In 
this case it is best, as indeed in the former case also, that 
there shall be a fairly wide ball, and that there shall be a base- 
ment underneath in which the battery of pipes shall be fixed. 
Provision should be made for the introduction of fresh air as 
low as possible beneath the heater, but it tg not essential that 
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there should be a waste hot-air channel for the purpose of work- 
ing off the unnecessary and extreme heat which may occur in 
the heating-chamber through extra firing or sudden increase in 
the temperature of the air outside. This hot-ait arrangement 
12 useful when the tenant prefers to use fires in the living-rooms 
and only employs the hot air to keep those at a reasonable 
temperature, 50" to 55" pe^llaps^ in which no fire is Ht. The 
temperature of the air in the hal! will be very much the same 
as that in the living-rooms (without fires), whilst in cold weather 
the air in the bedrooms will be 3" to 5" lower. The furnace 
can be of the same pattern and fixed in the same manner as that 
mentioned above — care being taken that no deleterious gases 
can get into the heating-chamber, whilst as uauch as possible of 
the boiler and furnace is inside to warm the fresh air. The 
basement under the hall forms a good heating-chamber, and 
the pipes should extend throughout the greater part of its lengthi^ 
By fixing a grating in the floor of the hall on either side next 
the skirting, one being for the cold air to descend and the other 
for warm air to ascend, rapid circulation wiU take place, with 
the result that the air in the hall and in landings above will be 
warmed To make sure the cool air shall descend one grating 
a wood partition is fixed underneath the side of a grating 
farthest from the skirting and reaches from the top of the heat- 
ing-chamber lo within S inches of the floor. The cool air will 
thus flow under the battery of pipes, become warmed in the pro- 
cess and ascend freely through the other grating. Providing the 
house is of one or two storeys only the rooms on the first and 
second floors can be wanned by placing two gratings of large 
dimensions in the walls next to the landing or corridor. One 
of these gratings, i3 x r» inches, is fixed so that the top rests 
against the ceiling, and the other in the skirting, so that its 
bottom rests upon the floor. When these gratings are open the 
cold air will flow out of the bottom,, and the warmer air will 
enter near the ceiling and the room will be kept at a reason- 
able temperature. The ventilator near the ceiling may be dis- 
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pensed with if a fanlight is fixed over the door of the bedroom. 
The fanlight may be pivoted in the centre of its height, and> 
if the area is considerable, it will not only be serviceable when 
the heater is used, but in hot summer weather a breeze or 
current may be made to pass through the room into the corridor 
and out of one of the windows. Fanlights over the doors are 
more serviceable than ordinary ventilator^;, It will be noted 
that this arrangement will work best when the heating from the 
battery of pipes is confined to the passages and bedrooms, but 
there will be no difficuSty in carrying some of the warmed air 
through channels to any or all of the rooms on either side of 
the hall, and it will be found very useful in practice. If the 
grating in the floor of a living-room is large enough, there will 
be no necessity to have a cold ait or downward grating, although 
it could he done if required, and would certainly tend to keep 
the air at the floor level at a higher temperature. 

There is yet another modification possible, and this is 
practicable in cases where there is no basement available for a 
heating- chamber or indeed for the furnace either. The boiler 
used for heating the greenhouse or conservatory may be further 
employed in heating coils or radiators fixed in the hall itself, 
and the bedrooms can be heated in the same way as previously 
mentioned. It will not be easy to fix so much heating; surface 
perhaps as could be done in a basement underneath the hall, 
but it is surprising how many square feet can be obtained from 
radiators fixed in a hall of moderate proportiotis. If this method 
is adopted, the tenant should see that all the upstair windows 
opening to the roof, or on to lead flats, close as accurately as 
possible. If any one wants much or little air in a bedroom, it 
will not matter whether the window sashes fit accurately or 
loosely, because the window can be opened either little or much 
when the occupant retires, dui it will matter t'mfftensely when the 
house is being warmed and the temperature outside is less than 
30" F. Have all the windows on the second and higher floors, 
if there are any, very carefully adjusted, else much radiator 
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surface may be fixed in the hall without the air in the bedrooms 
in cold weather being very much warmed. The rooms on the 
ground floor may he partially warmed from the radiators in the 
hall by fixing gfatiiigs in the slcirting and a small one near the 
ceiling communicating with the room in question. If these 
gratings are regarded as unsightly, they can be hidden some- 
what by a table, a chair or a pedestal for a statuette. Sufficient 
room must be left for the air to move freely, but there will be 
no difficulty in relieving the sharp outline of the frame of the 
ventilator or warm air grating. Where the hall is narrow, and 
this method of heating is selectedj, it is not so necessary to limit 
the height of the radiators, which maj* be single column and 
4S inches high if requiredr 

Having noticed as completely as possible all the points 
necessary to secure a workable delivery of warm air by this 
system and its modifications, the question may be asked, How 
do they compare with the direct or partially direct heating 
method of using radiators in the rooms ? The heating- chamber 
and warm-air delivery is preferable to the direct heating by a 
radiator in that mcre/resk air can be made to circulate, but if 
the radiator is of the form and width recommended, and it is 
sunk a few inches below the floor, it will heat the air at the 
bottom of the room better, except the inlet from the heating- 
chamber is fixed on the floor and is of corssiderable area. By 
using the direct indirect method suggested, by which fresh air 
is allowed to get in and fall down upon a radiator, large volumes 
of air can be admitted when required, and this style of heating 
is preferable to the air from the heating-chamber, as it is so 
easily regulated in each room and can be altered as often as 
necessary without interfering with the air supply and heating 
of other rooms. Not one of these systems can be made ab- 
solutely self-actingj and a little supervision and common-sense 
are necessary. On the whole, however, heating by radiators 
fixed in the rooms is the most workable and the most easily 
managed by a servant. 
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Stove Heating, — In some few houses a vetidlating stove 
has been fixed in the basement^ so that air may be supplied to the 
living-rooms and the hall. Such apian needs only to be mea- 
tioned. It is not a desirable method. Sulphurous and other 
gases are so insidious and get into the atmosphere so readily that 
it is best to use hot-water pipes to prevent any possible leakage 
from the furnace. In other and more numerous cases stoves, 
either ventilating or ordinary, are used for warming halls and 
passages with or without provision for heating the bedrooms also. 
There ts no question that it is a great comfort as well as conveni- 
ence to have the hall and passages in a house warmed, if only 
to prevent the cold blast which rushes irito a living-room every 
lime the door is opened in cold weather. If there is a good 
flue in the hall and the latter is roomy;, the landings and the 
bedrooms can be rendered much more comfortable in cold 
weather by warming with a stove in the halh By using the 
large open gratings mentioned above, one fixed dose to the 
ceiling in the wall of each bedroom adjoining the landing or 
corridor (or a fanlight above the door), and another like 
grating fixed in tiie same wall near the floor level, there will be 
a continuous interchange of warm and cold air into each room 
which has its gratings open, and in this way the stove in the 
hall can be made to do extended and good service. It is 
possible to partly warm some of the rooms on the ground floor 
from a stove in the hall so that they could be used temporally 
in cold weather without a fire being lit, by adopting the same 
top and bottom gratings, but it is not practical to beat the usual 
living-rooms in this way. Indeed the volume of air passing up 
the staircase would be so large that the movement would be 
rather manifest En any case, whilst in order to warm the living- 
rooms the stove would have to be so large that the radiation 
would be unbearable in its immediate neighbourhood unless 
the hall was of considerable dimensions. Several stoves on 
the market are of excellent workmanship and design whilst the 
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escape of deleterious gases has been greatly prevented, but 
there can be no question that the hot-water heater, whether a 
separate radiator or a battery of pipes in a heating-chamber, is 
much more reliable. If a stove is to be used care should be 
taken to select one that sends in a current of heated fresh air 
which has been warmed by material in the stove other than 
iron at a high temperature. At the same time too much thick- 
ness of terra-cotta or vitreous substances prevents the heat 
from getting to the outside of the stove, and the full heating 
effect is not obtained. 



CHAPTER XIV. 



HEATING HORTlCULTUftAL HOUSES AND STABLES. 



Plant forGkeen-houshs. — The furnace will be first mentioned. 
As noticed already with regard to heating- chambers, it is an 
advantage to use the bQiier and furnace for directly heating the 
air in a small green-house. To this end there are furnaces and 
boilers combined sold by several makers, like Fig. 59, which 
can be fixed in and chrough the outer wall in such a way that 
only the front of the furnace is outside^ and no boiler-house is 
necessary. In order to prevent deleterious gases getting into 
the greeti-house the flue pipe is taken from the front as shown 
in Fig* 59. If an independent boiler is carefully covered with 
a good non-conductor, like slag wool, on the outside, or even 
all around if it is not fixed in a wall, the quantity of heat lost 
will be trifiing, and it is questionable whether the risk of cracks 
through the masonry and the possibility of gases getting into 
the interior do not militate against boilers fixed in the outside 
wall, but if the latter is preferred the front should be covered 
with non-conducting material, because when exposed to the 
wind in winter the loss of heat is enormous. The chief objec- 
tion to boilers like Fig. 59 is that they do not provide enough 
coke space. Independent boilers like Fig. 34, page iSo, have 
this provision, and with a little care it is possible to keep the 
temperature of the house during the night much the same as 
it is in the day. Those who do not know how variable the 
temperature of most green-houses and hot-houses is between 
10 P.M. and 6 A.M. little guess why it is that their plants are 
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looking so sickEy perhaps, and appear very lacking in freshness 
and vitality. If they did, it is possible they would insist upon 
having the temperature maincained more equably. No matter 
how extensive the houses may be, or how large the furnace 
employed, some reliable provision should be made ihat the 
coke supply shall last for at least nine hours, and there shall 
be no need for the gardener to damp the furnace down or shut 
up all Ihe air inlets so as to keep the fire aligfU until the 
morning. Where there are a number of houses^ the owner 
may have provided against all contingencies by ordering the 
under gardener who lodges with his ch[ef to see to all the fires 

last thing at night and 
first thing in the morn- 
ing. Boilers like the im- 
proved "saddle," Fig, 
60, are good heaters but 
cannot be expected to 
give even work at three- 
quarters their full value 
for more than five hours 
during severe weather 
FIG. 60. -Saddle Boiter. ^jth the usual coke 

supply. If the gardener is watchful and wishes to see the 
best donCf any boiler may do faitly well. In the suburbs of 
large cities there are thousands of villas in their own grounds 
having one or more green or liot-houseSj which are attended 
to generally two or three times a week by jobbing gardeners. 



^In this case it will be neccsaary to have a large boiler fired and 
housed— not of ihe independenl type, but one cased with brickwork and 
provided with much more heiting surface than can be caaily obtained in 
such a boiler as the upright independent, Fig. 32, p. 180. Whichever 
form ia selected, the Chatawoith, Wcntworth, Delta, Tubular, Climax or 
other, it shoold be provided with a central funnel or sctme means Df giving 
a continuous coke supply which shall enable the temperatUTE of the hou&e 
to be maintained about nofma! thfoughoiit the nigjjt. 
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One of the servants, perhaps, keeps the fire going during the 
days when the gardener is attending to other houses. It is in 
such places Chat furnaces want to be arranged so ag to be 
workable by one who cannot be expected to know t«uch about 
it, and in cases like this it is absolutely necessary that a re- 
serve coke supply shall be provided, so that the furnace shall 
maintain a fairly equable temperature for at least ten hours in 
the winter time. It will probably happen not unfrequently 
that the servant, having overslept, must attend to the house 
duties first, consequently it should not be imperative that the 
furnace shall receive immediate attention in the early morningj 
otherwise it will burn out sometimes for want of replenishing. 
Independent or other boilers, therefore, having good storage 
room for coke are very serviceable, and makers of all fonns 
should try to construct their furnaces so that the coke supply 
shall last. The evils to be guarded against with independent 
boilers are mentioned in chapter xi.j and need not be repeated 
here, As independent and other boilers used for green-houses, 
etc., will be wholly or partly exposed to the cold air, care should 
be taken to cover the exposed parts, piping included, with non- 
conducting raaterialf so as to save all the heat possible, and in 
the case of independent boilers place a galvanised iron outer 
case or hood around them. The method of inanaging a fur- 
nace given in chapter xi. will also apply to those used in horti- 
culture. Where the boiler has to do the double duty of heating 
a green-house and radiators in the dweUing-house it will be 
possible to arrange matters satisfactorily, provided the house or 
the green-bouse has to be built. The distance between the 
two must not be unreasonable, and in the cas.e of small supplies 
ought to be less than loo feet. Even then if the pipes are not 
covered with non-conducting material the loss of heat will be 
great, amounting probably to one-third of the total furnished 
by the boiler. It should be remembered, therefore, that short 
leads are most desirable^ and that the house and green-house 
should be as close together as practicable^ If the green-house 
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is separate from the house, and the heating apparatus is to 
be attached thereto, a neat slant roof with a closed in boiler- 
house will be found advisable, and a great saving of coke will 
result. In this case a simple boiler, having a good coke reser- 
voir will be best, unless the grounds are iarge enough to keep 
a regular gardener. 

It is stated in one of the authorities on warming " all the air 
which passes infs tht chimngy should first pass through the fire ' '. 
Nothing could be less practical — nothing could be more waste- 
ful, and the gardener who works his apparatus by allowing the 
least air possible to pass through the firs provided he gets the 
heat required, will use the least coke and with 
care will not hum more than half the quantity. 
Be sure, therefore, to let all the air possible 
enter into the chimney without passing through 
the fire as long as the necessary heat is main- 
tained — If the flue is low and sraall in diameter 
the draught may not be sufficient to allow the 
air supply to be curtailed much, although this 
can possibly be done in nearly all cases in cold 
winter weather with advantage. 

In order to work a small furnace used for 
FiG^ 6r,— lEvetterj horticultural purposes on the same principle 
"i« 'a "fi. gg ^^^ recommended in chapter xi. when no 
brick i^ue is provided and there is simply an iron pipe to carry 
o£r the heated gases, it is recoonmended that the Que pipe be 
run up without joints or connections where possible, until the 
point is reached 4 feet 6 inches above the base of the furnace, 
then a joint is made with an inverted Y pipe, like Fig. 61, the 
bent side of which is furnished at the end A with a closely 
fitting valve, which will allow the whole area to be open when 
required. By thus checking the suction power of the flue pipe, 
the gases in the furnace need not be subjected to any pressure 
and the usual damper dispensed with. 

The radiators for horticultural purposes are generally four- 
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inch pipes,, although j, 5 and even 6 inch pipes are some- 
times employed. The pipes are usually fixed two deep, the 
flow pipe being above and the return pipe underneath. Ttvo» 
three or four single pipes abreast on the same plane branching 
off from 14, 5 or 6 inch pipe by means of a syphon hke 
Fig. 6z, and terminating in one pipe of similar diameter 



*^ 



Fig. 6a.— Syphon wiih 
E^tpa-asicm Joint. 



FiG. 63. ^Syphon with 
Expansion Joist. 



by the aid of another syphon where the return leaves for the 
furnace, are preferabte to the usual double row of pipes de- 
cause iliere is too much heai in one verlkai column, and two or 
morf pipes side by side in the same horizontai plane give much 
more tvett and grmtfr killing tffecls. Figs. 6^ and 63 show 
syphons provided with a well-known expansion joint suitable 



Fig. 64.— Plain Sxpbon, 



Flt5. 65.— Plaio Syphon. 



for long lengths of piping, but for small houses where such a 
joint may be unnecessary a syphon like Fig. 64 or 65 will 
answer the purpose. These syphons can be obtained with 
inlets and outlets in the same plane or bent at an angle 
according to whether the flow and return pipes are horizontal 
or vertical as in Fig. 66, which shows how the flow pipe 
branches off into three. As soon as the three branches are 
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formed from the main flow pipe they constitute the return, be- 
cause this is the highest point of the supply, and as the forward 
effects are cooling; and the water becomes heavier as it travels 
onward, the system works better on the downward track. 
When the return becomes a single pipe again it dtps under 
the floor into a trough covered with a grating, and is carried 
to meet the flow pipe and eventually back to the boiler. 

The question as to which is best for horticultural purposes, 
steam heat or that from hot water^ has not been solved satis- 
factorily because of the conflicting statements reiade by able 
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Fio, 66.— Single Pfplng on the same Plane. 



and painstaking observers from the results of their eKperiments, 
It appears, however, from these trials that hot water proved to 
be more economical and effective than steam. From the ex- 
periments carried out by others there was not much advantage 
in either case, only when the effects under the conditions of 
the most severe weather came to be noted, hot-water heating 
gave better results and a higher temperature. These experi- 
ments are mentioned because one or two points, which should 
have been duly weighed and considered, seenied Co have been 
ignored, and once these are noted the discrepancies in the re- 
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suits may be more reconcilable. The following remarks^ how- 
ever, apply chiefly to the effects of steam heating id which the 
temperature of the pipes is higher than in the case with hot 
water. When the air leaves strongly heated pipes it rushes up 
to the top of the house before there is much admixture with 
the bulk: of the atmosphere. In cold weather some of the 
moisture will be condensed upon the inside of the glass roof, 
the result being that the heated air ascending to the top will 
be cooled with great rapidity. This cooling will take place all 
the more rapidly on account of the air close to the glass being 
saturated with moisture, and also to the air being pressed up 
against the glass of the roof with a pressure equivalent to the 
difference in weight of the column of warm air in the house 
and the cooler air outside. It will be noted that the conden- 
sation of moisture upon the underside of the glass roof, as well 
as the force of the pressure upon the air against it, will be 
largely proportional to the severity of the weather outside. It 
will not need much argument to prove that the more rapid 
the ascent of the hot air, the more will be the cooling effect at 
the top of the house, hence ic is evident that the lower the 
tetuperature at which the pipes are maintained Che leas hot air 
will rush up to the glass roof without diffusing itself laterally. 
It is a well-established fact, as mentioned already, that the 
heating effects of a radiator are proportional to the force and 
movement of the air which impinges upon them, and it stands 
to reason that the more rapidly the warm air is caused to im- 
pinge and move over a colder surface, the greater will be the 
Cooling effects. As this is so, it will he seen thai the horti- 
culturist should keep the following points in mind when deal- 
ing with the question of hot or green-house heating. 1. The 
pipes should rarely be allowed to exceed 150^ F. if the best 
results are to be obtained, and in calculating the heating sur- 
face required for houses in tkh country it will be best to regard 
30° or 32° F. as the temperature which is to be furnished with- 
out heating the pipes above 150°. Temperatures below 30** F. 
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may be dealt with by increasing the heat of Che water in the 
pipes. It will rarely happen in this country that Ihe water will 
require to be more than 170" with such provision. When one 
takes the heating power of the average small green-house into 
consideration ^ it is found that the provision for low tempera- 
tures is very inadequate, and the water in the pipes has to he 
kept as near the boiling point as possible without being able to 
cope with the severe cold outside. The extra outlay for ad- 
ditional piping is small, and once the first cost has been de- 
frayed there is no further expense 
entailed. On the contraryj much 
less coke is required to produce 
10,000 British thermal units with 
water at 150° than is necessary 
to yield the same number of 
heat units when the water in the 
pipes is at 200^ F. 2. The pipes 
must be arranged so as to prevent 
a rapid current of air moving either 
against the glass or indeed in any 
other direction. Wherever there is 
a rapid ascent of air there must be 
a conesponding descent to supply 
its place, unless, as frequently 
happens in hot-house heating, the 
warm air moving over the glass is so quickly coaled that the circu- 
lating effects are nipped in the bud. It is not wise, therefore, to 
fix the pipes against the walls under the lowest portion of the 
gloss of a slant roof, and tn the case of a span they are best 
distributed evenly and kept a foot or more from either wall. 
Even then the heating surface should be ample. It is not a 
good plan either to fix all the pipes as in Fig. 67, where 
they occur immediately under the edge of the stage on either 
side and close to the footway through the house, as in this 
case the tendency is for the warmest air to rise up through the 



Fig, 67.— Pipes by Side of 
Foiiway, 



I 

4 



HEATING HORTICULTURAL HOUSES. 



251 



I 



clear way to the apex of the roof. The pipes will give the best 
results if they are fixed so that the heating power sha,ll be as 
evenly distributed as possible^ To this end they should not 
be within 6 inches of the floor, at)d the ground under the 
pipes ouyht Co be covered with a non-conducting material like 
cement. 

At this point it is well to consider a mistake which ig often 
made in small heating apparatus, and not unfrequently in larger 
services for horticultural work.. This is fixing the fiow and re- 
turn pipes close together in the boiler, and the return pipe far 
above the bottom of the boiler. It is a fact that the hot-water 
engineer in heating a house or block of offices can carry his 
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Fig. 68.— Pipes Evenly Distributed. 

riser to the top of the building and thence heat the rooms on 
the various floors by the descending leads, whilst if the base* 
ment is valuable and he does not want to show the returns^ 
these can be sunk below the floor and connected to the boiler^ 
which may test upon the floor level. The reason why the 
water can be carried below the boiler is because the height of 
the riser is so great that the difference in the weight of the two 
columns of water — the flow and return — is considerable. On 
the other hand it is known to the physicist that a long test 
tube held vertically and full of water can be healed by applying 
a flame rather above half the height, so that the wati^r in the 
upper part is made to boil whilst that at the bottom is very 
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little affected or warmed- There is thus no circulation through- 
out the tube. Where the furnace heats strongest at the top, 
the tendency of the heated water will be to rise quickly if it 
can ascend to a higher floor, but this is not possible when the 
flow pipe at once takes a horizontal direction, However close 
the flow and return are at the point where they enter and leave 
the boiler there will be a slight circulation due to the 12 
inches of water column^ but the physical strain to which the 
heated flow is subjected in getting on to the estenl of the 
supply is very wasteful of heat. Furthermore, pipes so closely 
coupled at the boiler do not supply the heat evenly, for it will 
be found that the lower pipe is many more degrees cooler than 
the lop one in consequence of the smail circulation. Of course 
there must be a diflf^erence between the temperature of the 
water in the two pipes — the working difference — but if there is 
a head of 2 feet instead of one foot, the actual difference in the 
case of a short length of piping need not be more than 8° in 
mild and 15" in cold weather. The return pipe should, con- 
sequently, enter the boiler in all cases of horizontal work at the 
very bottom, and in order that the boiler shall do its best work, 
and not " kick," it is advisable to have a live fire right under- 
neath wherever this is possible. Independent boilers are gener- 
ally made so that the fire heats the bottom of the boiler. 

Giving the fiow pipe a slight rise helps matters considerably, 
but there is nothing Hke having a good distance between the 
flow and return, even if the latter pipe dips a little suddenly 
before it gets to the boiler. 

The supports for the pipes should offer as little ohstructioti 
as possible to the free circulation of the air, and simple forms 
like Fig. 69 resting upon wood or cement are recommended. 
Unless the furniace is large, and the range of houses consider- 
able, it Is best to supply the water needed 10 replenish that 
evaporated by hand, and soft water is preferable to hard. In 
the absence of rain water it is a good plan to boil hard water, 
aad use the clear liquid after the sediment has sealed. The 
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moisture necessary for the atmosphere of the house is best 
obtained by making the pipes evaporate some water from 
troughs fixed upon them. Here again lateral circulation should 
be avoided. It is far preferable and more effective to evapo- 
rate over the greater length of the house than attempt to obtain 
the moisture required in one part and trust to circulation. 
Moist aiT is lighter and much more rapidly cooled than dry air, 
so that the atmosphere should tiot be over moist in the first 
place, and in the second narrow metal troughs at frequent 
intervals should be used for evaporation. A section through 
the trough and pipes should appear as in Fig. 70, where the 
trough is not more than 4 inches wide upon a 4'inch pipe, 




5. 69- — Support for 
Hot-water Pipes. 



Fie, 70.— Swiion through Pipe 
snd Water Trough. 



and does not prevent the warm air from rising by the aides of 
the pipes. 

3. Another most important consideration is the arrange- 
ment of the shelves or stages on either side of the footway. So 
far as the heating effects are concerned there is no necessity to 
consider the height to which the shelves may be carried, pro- 
vided there ts a reasonable distance between these and the roof. 
It must not be forgotten that when the cold is severe outside, 
the air as it nears the roof is so rapidly cooled that it descends 
in a stream if the heating power in the house is deficient, or the 
pipes are allowed to get too cold. The plants on the upper 
shelves should be very hardy. The chief point to consider is 
that whatever form of shelves or staging is determined upon, 
Jrtt way is left for the air heated hy ikt pipes behmi to move 
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upward mitfiout di^ulty or hindrnncSj so that the dratlation shall 
not bt reiirit'ted td out portion of ihi Juntst. The great fault so 
general with air-gratings is that the openings are so very small 
that they offer great resistance to the free passage of air, and a 
serious mistake in the construction of the woodwork and stag- 
ing in most green-houses is that insufficient spaces are allowed 
for the free circulation of the warmed air through them. In 
some cases the tables on either side of a house are made solid, 
with the result that the plants near the glass suffer considerably. 
It has been shown that much heat is wasted when a shelf is 
fixed which has no perforations> and is arranged as in Fig. 71, 
where there is simply a space on either side of the benches BB. 

Wherever it is possible, and it 
generally is with the exception of 
forcing-houses, the stages and tables 
should he made of lath work with 
large perforations. Where extra 
strength is required! the woodwork 
can be deeper with frequent sup- 
ports. The gardener will find it 
so greatly to the benefit of the 
plants to have a steady and easy 
circulation that the free movement of the air through the stages 
and benches should receive his first attention;, and it is the lack 
of this free and easy circulation which accounts for the bad ap- 
pearance of plants in many houses which are well looked after. 
The bad arrangement of the pipes in many conservatories is 
another reason why the plants suffer. The whole subject of 
the circulation of air in green and hot-houses has never received 
the attention it deserves, and even to-day it is not regarded as 
a very important matter by some horiiculturists. 

With reference to the question of steam and hot water for 
heating, hot water is preferable as it requires less attention. 
It is possible to use steam and still keep the pipes at a low 
temperature, but unless much care is taken in stoking, and a 
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Fig, 71. — Air-spaces by 
Benches odiy. 
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special boiler is provided, the coal or coke consumed will be 
much less in the case of the hot-water apparatus. If the same 
boiler is used for raising steam as is used for hoL-water heating, 
it stands to reason that more coaH will be required to raise the 
steam than would be necessary to heat the water, especially if 
the latter were employed at a temperature not exceeding 150" F. 
This is so because ail the gases escaping into the chimney 
must of necessity be at a higher temperature in the case of 
steam heating at 212° or more than with water heated to 
150". Heating by hot water is, therefore, the most economicat. 
When steam is used for power and the waste can be etnployed 
for heating there may be an economy in using it. In such a 
case the piping had better be lixed as near to the floor as pos- 
sible, and very evenly distributed. 

With regard to the heating surface necessary, it is not at all 
easy to determine it. There are so many things to be taken 
into consideration. The lower the house the less it will be 
subject to the action of the wind* If the house is high and is 
a lean-to against a high wall, or better stil! against the south 
side of a house, the heat required will be much less. Some 
authorities recommend measuring the superficial extent of the 
glass En the house, and calculate about one foot of heating surface 
for every 4 feet of the former. This is a generous allowance if 
all the precautions mentioned above are duly regarded, and 
there is a good distribution of the pipes and easy circulation of 
the air. It must not be forgotten, however, that any careless- 
ness in the finish of the ventilators and door or doors may so 
reduce the temperature in the house by leakage of cold aif 
from without, that the heating power of the pipes may be sadly 
deficientt Care should be taken, therefore, to see that there 
is DO jerry building^ — no warping and twisting of doors and 
ventilators. 

Other hot-water engineers prefer to calculate the heating 
surface for green-houses from their cubic capacity, and allow 
50 feet per i,oqo cubic feet of air space. Much will depend 
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Upon ihe height of the house from the point where the glass 
begms, whilst not a )iltle depends upon the nature of the 
bottom and whether it is a non-conductor of heat or otherwise. 
The above heating surface is generally ample for green-houses 
where the heat is not required to be above 65°, but if the walls 
of the house are low and the proportion of the surface of glass 
above the average, 60 feet per 1,000 cubic feet of cafiacity is 
not too much, whilst 70 cubic feet or more per 1,000 can be 
employed in a hot-house heated to 80° or more with advantage. 
The above estimates are based upon the heat of the pipes 
being kept at 180° F. or morej hut it has been shown already 
that the lower the temperature of the water is the more success- 
ful and even will be the heating in the glass-house^ and the less 
coke will be consumed in the furnace. At first thought, there- 
fore, one would be ready to assume that this was a case where 
the heating surface could be increased to any amount with. 
advantage, because four rows of pipes would not be more un- 
sightly than two. There is no doubt that 10& feet of heating 
surface at rather over lOo'' F. per 1,000 cubic feel of air would 
heat a glass-house much more economically and effectively and 
with greater advantage to the plant life than 50 feet at 190° F., 
and the question arises, Is the advantage derived worth the 
extra expense? Most certainly it is, hut a correct knowledge 
of the difficulties of heating generally must be obtained first in 
order that the arrangement of the pipes shall be sucfa that the 
apparatus will be workable in spring and autumn. Horti- 
culturists know welt how valuable a little heat is just in the 
chilly spring and autumn days, and nights especially, but they 
know also how difScult it is to get their apparatus to work 
that it may be used continuously. It stands to reason, there- 
fore, that if it is difficult to keep the temperature in the houses 
down low enough for the fire to burn continuously under tH 
boiler whilst using 50 square feet of heating surface per 1,000 
cubic feet of air, how much more difficult it will be to do this 
if there are 100 square feet of surface per 1,000 cubic 
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air employed. It is imperarive, therefore, to use the amallest 
heating surface possible so as to keep the pipes warm enough 
to work the heater satisfactorily, or eise to be in a position to cut 

■ the heating surface down at will. In other words, the extra 
heating surface must be so arranged that when the temperature 
of the air outside is about 50° F. one-half of the heating surface 

■ can be cut off. This can be done without much difficulty in 
the case of a series of houses kept at the same temperature, 
because when single piping is employed and four, six or eight 

K pipes are used on the same horizontal planCf one or two valves 




Fig. 7S1.— Hol-water Pipes Arranged eo that Kail can beCulOfl. 



at the upper end will be sufficient to control the pipes to be 
cut out of circuit. The pipes in any glass-house or conservatory, 
however, can be easily arranged, so that one-third or one-half of 
the heating surface can be cut out Fig. 7* shows a green-house 
or conservatory having a flow situated as in Fig. 62^ page 247, but 
there are two branches from it, and these branches are each 
connected to two-pipe joints. Upon one of these branches 
a valve is placed for the purpose of cutting two pipes out of 
circuit, and thus reducing the heating surface by one half, 
whilst the usual valve upon the main flow will cut otf the whole 
supply if desired. 

17 
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Experience has shown repeatedly that plants in green-houses, 
etc., flourish best and look healthiest when the temperature 
outside is moderately warm^ and the heat of the pipes is not 
above loo". Of course there are questions of better ventilation 
being possible, and other points in favour of mild weather, 
which have to be taken into account, but there is no doubt 
that houses heated in eold weather w[th ample piping so that 
the temperature of the water does not rise much above 150^ 
will give the best and most satisfactory results. Provided, 
therefore, that the furnace is not increased pro rata and is only 
equivalent to two-thirds of the piping used if heated to 190" F., 
and that the precautions mentioned in chapter xii. are ob- 
served, it is a great advantage to allow a most generous number 
Qfftd of heating surface. 

In the matter of valves and regulators, let these be used as 
sparingly as possible, and their capacity should be considerable. 
For the single piping method in one horizontal plane recom- 
mended by the writer the valve is best placed on the single 
flow before the syphon is reached. It is a great mistake to 
place a valve having only x\ inch or \\ inch aperture upon a 
lai^e flow pipe. The area of the "way " through the valve 
should be of ample size. It is easy to contract the space, but 
when a rapid circulation is necessary the flow will be checked 
greatly if the water has to pass through a narrow or constricted 
orifice. 

Heating Stables. — For heating stables, hot-water pipes are 
to be preferred to radiators or batteries of pipes which neces- 
sitate the circulation of the air from considerable distances. 
The pipes should be kept near the floor level, and where loose- 
boxes occur a good iron grating should be fixed in the door 
just above the floor so as to allow the cold air around the 
horses' fetlocks to pass out and be warmed. If possible the 
grating should be opposite to the tail of the animal, /.*-, as ftir 
as possible from the manger, so that the breath shall not be 
influenced but allowed to go up without being involved much 
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in the circulation towards the hot-water pipes or other heating 
medium. Stables having a single row of stalls can be heated 
nicely with two 4-inch pipes. These can be fixed to the front 
wall, but should be allowed to stand two inches or more from 
it, so that there may be room for the circulation of the heated 
air. A stable should not be heated unless the temperature of 
the air outside is below 50" F. 
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SOME ELECTRICAL CONDITIONS OF AIR. 



The writer has elsewhere referred to the electrical conditions 
produced m the air of large buildings where sudden up and down 
inovements resulted owing to tiie top or outlet ventilation being 
largely in excess of the bottom or inlet air. The matter was dealt 
with "vaguely" because there was nq Aa.t(t to go Upon which 
would enable one to point out how much elcctncity or electrical 
efTects were produced. All that is known at present ia that it is 
not poaaible to give rise to any movement in air without some 
electricity being formed, Recent researches into radiations of 
very high frequency show that it is scarcely possible to generate 
one form of radiation withouti by sympathy or otherwise, giving 
rise to radiations of different wave-lengths and properties. How 
far these radiations and electrical or other effects alter the stat- 
ical conditions of the atmosphere it is not easy to say, but that 
they do exercise certain effects upon the humane and indeed upon 
the animal, economy generally seems to be somewhat conclusively 
proved. There is no question probably at this time that the 
peculiar effectR experienced just previous to a thunderstorm are 
electrical, although as to the nature of the phenomena we are not 
by any meians so certain. The peculiar and distressing experiences 
noted previous to the coming of a hurricane or tornado in warm 
climates are also well known, and it is not difiicult to surmise that 
these effects can easily precede the coming storms on account of 
the great speed with which electrical or other vibrations traveL 
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The extent to which air Bfiay be ionised hy electrical forces 
which S-Ve purely mcdianical is perhaps not greatp but it is known 
aow that certain Cdirpaunds of radiuni and other radlo-activC 
substances affect the idnisatinn of air- The experiments carried 
out by Wilson, Pygc. Camh. FhiL Sop., igoi, igo? ; Rutherford 
find Alien, Phil. Mag., J903 ; McCleJland, Sci. Trans. Royal Dublin 
Soc, [903, though they are inconclusive as to the exact sources of 
the ionisation effects, point distinctly to some radio-active 3ub- 
atance disseminated through the atmosphere. 

The chief interests from these experiments so far as the heating 
of dwelling-houses or public buildings es concerned are two. I. 
As to what eictent these electric conditions are altered by wash- 
ing the air aa is done by causing it to pass through a screen 
down which yater trickles, or by any other mcLhod. 2, What 
effect is produced when the air either washed or unwashed is 
heated by radiators, stoves, or other form of heating? In 
reference to the first question it seems probable that much of the 
radJD-active dust in the air will be removed by such washing, and 
it IB not unlikely that the ionisation of the air will be in great 
measure destroyed. The effects of washing air with tap water arc 
not to be compared with the washing of air by falling rain. The 
experiments mentioned by C. T. R. Wilson show that the solid 
matter in rain water collected as it falls is strongly radio-active, 
whilst that in tap water is quite inactive. It is not possible to do 
more in the present state of our knowledge than mention these 
facta in the hope that the important bearing which they have 
upon animal life will be more fully studied. If the radio-active 
dust in the atmosphere has anything to do with the freehneaa and 
aalubrity of the air, then the le&s the air is washed with tap water 
or with rain water which hag not been recently collected the better. 

So far as the answer to the second question h concerned there 
is probably equally as little light upon the matter It is likely, 
however, that what tends to suddenly cause the molecules of air 
to tly asunder must alter the static condition of the body of air 
and should be avoided. Hence very hot surfacee should not be 
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uaed for heating, CGpecially these whose temperature ia excessive, 

such as metal plates, iron stoves, etc. Tbe writer has stated else- 
where that a temperature of 150° P. ahould not be esceeded, if 
possible, for ^team^ and hot-water pipes^ and the peculiar sincllling 
effects oi air heated by hot iron are not sensible at that tempera- 
ture. These effects may be and are more due to strong heat than 
a:nythii:ig else, and the subjection of ionised or ozonised air to a 
temperature of about 150' F. ought not apparently to give rise to 
any appreciable alteration or to destructive results. 

Dr. Napier Shaw referred to the ionisation of air in hts evi- 
dence before the Select Committee of the House of Commons 
on Ventilation, but he was not able to state anything deEnite as 
to what effect the treatment of air in the modern systems of venti- 
lation exercised upon its electrical activities. 

Since the above was written the radio-activity of ordinary 
matterwas discussed at the Cambridge Meeting of the British Asso- 
ciation. Professor J. J. Thomson maintained that all matter was 
radio-active, and if this is so all the du^t in air will cause some 
ionisatian. It was pointed out that the air in high regions con- 
tained many ions, but these were present because the lifi of the 
iona there was so much longer. In a dust-laden atmosphere such 
as that in towns the life of the ions is very short but the produc- 
tion is rapid. It follows, therefore, that if air ia washed and the 
radio-active matter removed, no further ionisation can proceed, 
and as the Hf& of the ions is bo short, under the circumstance a, 
the air is immediately de-ionised in the process. 
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CALCULATION OF THE VENTILATING POWER 
OF CHIMNEYS. 



Tbe writer prefers to use the method of calculation which 
has adopted in the first chapter and elsewhere in this and other 
treatiacB, but it is possible to estimate the velocity of air move- 
ment in chimneys in another -way. The following remarks by 
Dr. Billings' show how he does this: "The velocity in feet per 
BecoEid of falling bodies is about eight times the square root of 
the height from which they have fallen expressed in feet, and the 
formula for determining; this is i) - c -Jigk. . . . The difference 
in pressure is found by multiplying the height from the opening 
at which the air enters the flue to that from which it escapes by 
the difference between temperature outside and inaide, and again 

multiplying this product by —■ The formula for the theoretical 

491 

velocity then becomes 



w = 8 */ 
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in which I is the temperature in the chimney, t' the temperature 
of the external air, and h the height of the chimney. 

" Suppose, for example, that tbe temperature in the thimney is 
iDO^, that of the external air 40", and that the chimney is 30 feet 
high, we &hall have 

» = S J"^^l^=8^/T^l = 20 
\ 491 

nearlyj or the tbcDretical velocity would be go feet per second 

' VtHiitatioH and Heating, pp. i^q, 140. 
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"This theoretical veloci^ will be diminished by firiction, by 
angJes in pipes and does, and by eddies or coanter-cnirents, and 
on the other hand it may be increased by the aspirating effect of 
wind passing across the top of the floe." 

The value of such a calcolaticm may be gathered by the con- 
cluding remarks of Dr. Billings, hot these do not folly convey the 
uselessness of the knowledge obtained. Whether we caJcolate 
from the table on page 266 or from that given by Professor Car- 
penter 1 as the weight of air at different temperatures, and obtain 
the velocity resulting &t>m the difference in pressure between the 
air outside and the smoke in the chimney from the table of wind 
pressures and velocities in Carpenter on page 55, that on page 267 
of this treatise, or that calculated from Hutton's experiments 
given by Box,* it will be found that the theoretical velocity from 
the above formulz is greatly diminished by the air moving upon 
itself to get up the velocity. 

Taking the example quoted by Dr. Billings the chimney is 50 
feet high, then 50 cubic feet of air outside at 40° F. weigh 3*97 
lb., and 50 cubic feet at 100° weigh 3*55 lb. (Carpenter's table). 
The difference is -42 of a pound. Turning to Carpenter's table 
on page 55, or on page 267 of this treatise, a pressure of -42 of a 
pound per square foot is equivalent to a wind moving at about 
14 feet per second in the open. The pressure which is thus lost 
in getting up the velocity in the open air has a very important 
bearing upon the movements of air generally, and this accounts 
for the difference in velocity between the 20 feet per second found 
by Dr. Billings and the 14 feet per second calculated by the author's 
method. 

^Heating and Ventilating Buildings, p. 521. 
' Treatist OH Heat, p. 290. 
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APPENDIX IV. 
Table op the Velocity and Force op Wind. 
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'005 Hardly perceptible. 
:^}jast perceptible. 

-M?} ^^"*'y pleasant. 

,^\ Plrasant, brisk. 
I- 107 J 

'■9^1 Very brisk. 
3-075/ ^^ 

5:^1} Very high wind. 

12-300 Storm or tempest. 
17715 Great storm. 
31*490 Harricane. 

40*200 Hurricane that tears ap trees and 
carries buildings before it. 
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THE POSITION OF INLETS AND OUTLETS. 



This question shauid be taken as far as possible out of the region 
of "opiniana," because, like every problem of vCDtilatioii, it must 
have a physical basis absolute and exact. As far as the present 
treatiac is coTicerned, the prDblem will be considered from the 
standpoint of the raoms in dwelling-houses, but as assembly.] 
rooms, schoolrooms, etc, which are ceiled are only rooms on a] 
larger scale, the physics which bear upon the one must bear upan 
the other. The ''opinions " in dispute are strongly advocated, a] 
number of experts stating that the outlets for foul air should be| 
situated close to the floor, whilst others contend that the right] 
place for the outlet is as near to the ceiling as possible. Taking 
first the case of a room in which a fire is burning and from which 
theonly outlet is the lower end of the chimney-flue, eighteen inches 
above the floor level, this state of things approximates very nearly 
to the outlet ai the floor level. From experiments carried out by 
the writer the figures show there is great difference in temperature 
between the air one foot from the floor and near the ceiling of the 
room. Where gas is used for light, the difference is frequently 20° F. 
Now this 20" F. represents a very appreciable upward pressure 
exerted npon the air column lying between the orifice of the 
chimney and the ceiling of the room. This pressure is entirely 
independent of the difference between that on the outside atmo- 
sphere and that on the air and smoke in the chimney, because it 
is due to the greater temperature of the air in the upper than in 
the lower part of the room, and it is something apart entirely from 
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the ventilating power and must be reckoned by itself. Let us note 
what would happen if there was no fire-place in the room, and the 
temperature one foot from the ground waa 55' whilst that near the 
ceiling was 75°. The spaces around the tap of the upper sash 
would act 33 outlets, and probably the space above the top of the 
door would hehave In a similar manner. Now in consequence of 
the pressure due to the 30° mentioned being independent of the 
fire,' a portion of vitiated and heated air in the upper part of the 
room will be eapelled through the spaces above and around 
the upper window sashes and door. Were it not for this invisible 
and unknown behaviour of the heated air in the upper part of 
living-room^ the atmosphere -would be unbearable soon after the 
gas has been Ht. As pointed out in sequel, the [eaaer heat of the 
electric light has made the contaminated condition of the air in 
smal] crowded living-rooma more manifest, and this was because 
so much less heat was evolved and so little air escaped near the 
ceiling. Again, as stated in chapter iv., much the larger portion 
of the air escapes up the chimney without taking any part in the 
ventilation of the room, so that the impurities above the flue are 
only brought down by the ascent of the little air warmed to a 
temperature sufficiently high to rise above the level of the chimney 
opening. Under thes^e circumstances, the air at and above the 
heads of the occupants is one concentrated admixture of impurities, 
so that it is practically irapoBsible with this downward system of 
foul air extraction for the persons present to inhale air which is 
not largely contaminated, both by breathing and by the products of 
the combustion of gas or oil if these are used. Furthermore, the 
stagnant condition of the upper air, which has not only to move 
down against gravity but against appreciable pressure, is not only 
wrong physically but most oppressive to the occupants. This 



' The author bais not seen this preE^ure mentioned in any treatise on 
beating. It may be contended that it i& neutralised and overcome by the 
general reduction in prcBsure in the room caused by the fire, but this is 
not so because the pressure due to 20" rise in temperaure wil] be still in 
H force, and be doubly active when a door ox window is opened. 
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fact is very evident to those who sit in rooms in spring and autumn' 
when the temperature of the air outaide is 5,0" F. or more, 
ventilating pressure of the air outside is small, and though there 
may be 20* of difference of temperature between the air one foot 
from the f3oor and near the ceiling and the volume of air expelled 
around the upper sash of the window be the same, the atmosphere 
at the breathing !eve! will be rendered close and oppressive 
becauae the ventilating power of the chimney will be so much 
less than in cold weather. 

On the other hand, what would happen if the outlet was placed 
near the top of the room? The question under consideration is 
the chimney-fiue (with fire) as an outlet. With an effective flue 
ventilator the excess of heat in the upper part of the roam is not 
so great, showing that more cool and fresh air is raised into the 
breathing zone. The physical conditions are in harmony with 
the effective working of the outlet. The extra and independent 
pressure noticed above is not used to act against the ventilating 
power of the chimney but to drivs the heated air near th^ ceiling into 
the chimnry'Jluef whilst the spaces around and above the upper 
aaahes of the windows distribute fresh air and act a& inlits infit 
oi outlets. If the supply of air to the room is large and ample, an 
effective outlet at the top of the room will enable the occupants 
to breathe air practically untainted, because as shown by the Uss 
tempdraiure near the floor level, the air is much freer from impurity, 
So far as a room with a fire is concerned, the outlet shouid h 
near the ceiling and the physical considerations prove this beyon 
question. 

Let us next take the case of a room with a fire-place having 
an opening iz inches fi*om the floor level, and no other opening 
into the flue, but heated entirely by a hot-water radiator. If the 
room is high, it wiJl be found that the chimney-flue admits mud 
cold air as well aa expels it in cold weather, unless the volume of 
air coming in is very much larger than ueuat. This action is due 
to the chimney-flue being gradually cooled by the outer air getttn 
down into it, and the expulsion of the hot air through the crcvio 
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aroui^d the window sashes, etc. If these crevices arc fairly large 

in th«ir aggregate area, the chimney-flue may act almosit entirely 
as an inlet should the Buction of the wind as it blows at the ground 
level favour this. It is the independent pressure due to the greaitr 
■grature of th( air near the ceiling which accounts fur the Jortgoing. 
author has experimented repeatedly with radiatora, but as 
there ia no apace for many figureaT the following must sufiice 
to ahow what the dilTercnce of temperature in the room was on 
a certain day. Tt-imperature outaide 34". Temperature on floor 
just under window 53'. Temperature on floor farthcBt from 
radiator near inner wall 54°, Temperature one foot from floor 
J5". Temperature on dining-room table 56*. Temperature by 
wall 5 feet from the floor 57". Temperature 6 inchca below 
electrolier 61". Temperature near ceiling 67". 

The radiator ataod 3 inchea above the floor and waa on the 
other side of the room from the hre-place. there being no chimney- 
breast ventilator open. In this case the air wna dry, and only one 
or two persona present) ao that the warm atr near the top of the 
room escaped very readily through the crevices above the three 
large sashea of the wicidows. 

If the outlet was through the chimney -breast ventilator, without 
ft valve and large, and the opening of the chimney-flue above the 
fire was sealed air-tight, every grain of prcaaurc per square fnot 
would be used up in expelling the vitiated air in the manner which 
physical science shows is correct and best. 

The caae of a room heated by hot air wilt next be taken. The 
hot air comes through a duct from the basement where air is 
Iteated by a battery of hot-water pipea. The hot air is let into 
the room on one side at a height of 8 feet from the floor and the 
outlet ia 6 inches from the floor. It t9 found that when the door 
and window are closed, the volume of air at tim^a, coming into the 
room ie practically nil, and the temperature of the air near the floor 
is very low. There is no fan or mechanical force behind the air, but 
it aeccnds "naturally". What is happening ? The outlet ia too 
large for the air coming in. The auction which the warm column 
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of air is to exert upan the room does not come off because the 
outlet U cooled and lets cold air d'Own instead of taking warm air 
out, whilst what warm air docs come in is driven out through the 
windows by the pressure of the coid air at the bottom of the 
outlet If the outlet acts, it is only intern:ittent, and the opentn^^^ 
of a door may reveriie the current. This state of things is physlt^^l 
ally wrong, the outlet should he near the ceiling, but even then the 
incoming warm air should have some certain pressure behind it. 

The next point to be considered is the chief bone of contentioo 
between experts, Those who advocate outlets at the floor level 
may admit the value of the outlet near the ceiling in the case of 
BO-caLled " natural ventilation ". It is when the plenum system by 
downward propulsion is employed, and the air is heated and sent 
into a room under presBure, that the outlets shoald be fixed near 
the floor, they say. A class-room in a Board School, ceiled, will 
suit for an example, as this is only an ordinary taom on a large 
scale. The air at a htgh temperature, say 70'° or So", 15 sent in 
under pressure tbrouijh a duct 8 feet from the floor, and the 

outlet is fixed at the floor level, but IS really 12 inches above^^ 
The hot air sent in immediately rises upward, and a large volun^^| 
is introduced with a view to ptace the air in the room under 
a slightly greater pressure than that exerted upon tbe air out- 
B.ide, 60 as to force the air downwards and tip the outlets, at the 
floor level. Is this accomplished? No, there are three large 
windows and two doors and the freah air escapes around the inter- 
stjces at a quicker rate than the quantity sent in can cope with^ the 
consequence being that the outlet near the floor level is either 
inoperative or acts as an inlet. When the latter is the case 
the 16 feet of hot air column enables the outlet to exert some 
ounces of pressure per square foot in forcing the air through the 

grevicesaround windows and doors, so that the principle ta rendered 
inoperative. Even if the room had no windows and the door 
could be made air-tight, whilst the hot air came in at 8 feet from 
the floor and the foul iiir outlet was near the floor, the breath 
of the occupants would continually be brought back to be inhaled, 
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and the air would always be at its worst possible condition for the 
volume of air sent in. This results because the expired air is 
hotter and lighter than the atmosphere in the room and rises 
upward, so that by a reasonable volume of air coming in at the 
fioor level and getting out at the top, as is the case of the Debating 
Chamber in the House of Commons, the air at the breathing line 
is practically as good as it is outside the building. 

There is another serious drawback to the working of the outlet 
at the &00T level. The air cooled by the windows and outer walls 
falJs down to the door. Hen tht iem^tratun is very lojc^ and there 
is no chance to raise it, the consequence being that the feet of the 
occupants are most uncomfortably cold in severe weather. The 
idea of placing the outlet on the floor is that this cold air will be 
driven out by the extra pressure, but as the extra pressure does 
not exist in cold weather and the outlets are possibly 15 inches 
high, little if any air passes up them and the idea is not realised. 
Ld it be UHderstood distinctly that this question of downward pro- 
puhhn is vastly superior to any naii^rai system in ki^lk vchert ntany 
persons assemble. You cannot force air into a room without the 
benefit being fdt, but if the greatest effect and good are to be obtainfdf 
H will not be tlie result of downward propulsion. The author has 
found that in churches, heated by hot-wAter pipes fixed under 
the level of the floor, the temperature of the air 6 inches above 
the floor and at 3 feet above was practically the same. This 
showed that the air at the floor level flowed towards the current 
of hot air rising from the pipes to supply its place whilst air at 
a higher level circulated to fill the room vacated by the cold air. 
From this it can he seen that the heated air should come in either 
below or at the floor level, so that the cold air from the floor may 
be aspirated into the ascending current and be warmed thereby. 
And, as stated already, the outlet shoutd be at the highest point 
and, if possible, in the centre of the room, which if long might 
have two or more outkts^ then the whole available ventilating 
Llpressure will be utilised in expelling the vitiated air. 

It will be beat to anticipate some apparent difficulties in having 

IS 
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the outlet near the ceiJing, First, where a fire is burning in a 
room and a chin^ney-breast ventilator is u^ed- Will not the air 
which is warmed near the fire rise up in front of the mantel and 
immediately make its exit through the fiue ventilator without 
doing any good ? This would be the case largely, doubtlese, if it 
were not that the cold air moved forward across the room at the 
floor level to supply the fire and the hot current rose in front of 
the raahteL In consequence of the air in a room being conflned 
somewhat and the circulation being comparatively rapid, the hot 
air in front of the mantel passes into the centre of the room before 
it ascends 3 feet, and eventually circulates to supply the place of 
the cold air flowing towards the fire at the floor level. 

Secondly, if the freeh air tnlet of a room warmed by hot aR 
sent in under pressure was at the Boor level, would not the air 
rise to the ceiling ? Not if provision was made for the cool air on 
the Boor to mix with it. In ah casesi where the outlet cannot be 
in the centre of the room, it should be on the other side from 
where the hot air enters. Dr. Billings states that hot air from the 
floor level may rise to the ceiling, tlow across it and enter the 
outlet on the other aide. This is not likely and ia contrary to 
physical law, but if it were true it would be an additional reason 
for sendmg in heated air, aa always advocated by the author, 
through a thousand inlets at the floor level if possible. It is 
the method adopted in the Debating Chamber of the House of 
Commons, and the best possible. If a house was heated by the 
upward plenum method, it would not be at all difficult to admit 
the warm air in more than ore part of a room. 

We now come to the consideration of downward propulaion 
in reference to the supposed even mixture of the air through 
the outlet being near the floor. Let us suppose that a school- 
room is iQ feet long and 30 feet broad and there are three 
windows. The inlet grating for hot air is in one end of the room 
its the inner wall, and the outlet immediately under (this is the 
position of the gratings in a room in a well-known building heated 
by downward propulsion). What will happen ? The cooling ef- 
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fects of the windows cause a current to move toward them from 
the top downwards. The hot air getting through the grating 
moves forward, therefore, to the windows, but the coaled air does 
not circulate direct to the outlet on the floor, but flows over the 
whali rooM, becaU'^e tt will be found that the teinperature varies 
very little over the whole fioor. If ciTculation did take place direct 
from the hot grating to the window and back from the window to 
the outlet, two-thirds of the room would be without any air move- 
ment, and the installation would be ineffective. This waat ai 
difTusion ia one of the great defects of the system, especially where, 
as is generally the case in a large room, there is only one inlet 
and one outletf and these are frequently placed at or near the end 
of a long room. So far as the distribution of the air is concerned, 
thereforCj it is easier to do it by the upward propulaion than by 
the downward propulaion method. Physical considerations are 
entirely against the outlets being placed at the floor level, whilst 
they favour the outlet being in the highest part of the building. 
Those who advocate the outlets being placed at the floor level 
quote the experiments carried out by Mr. W. R. Briggs of Bridge- 
port, Conn., as favouring if not proving the best means of intro- 
ducing fresh ^ir and removing the deleterious products. Mr. 
Briggs used a model into which hot air, rendered vieible by 
smoke, was introduced and expelled at various pointa. Diagrams 
of these experimenta are given by Professor Carpenter,' the con- 
clusion being that if the warm air ta introduced 8 feet from the 
floor, and the outlet is fixed immediately under the inlet at the 
fioor levels the best results are obtained. The author has pointed 
out emphatically the absolute importance of preventing the air 
leaving a. radiator at a high temperature, because it rushes up to 
the ceiling and forms a layer of hot air there when the opening 
to the fire is the outlet. The more rapidly the hot current Bscenda 
the thicker will this hot atr stratum become, and common-sense 
tells us, without experiments, that the position recommended for 



^Heating and Ventilating BuUdings, pp. 57^ 58, 
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the inlet and outlet is the one where the inlet air is bound to 
descend to the level of the outlet. But we are not dealing with 
air of the temperature of smoke or with hot currents which an 
phytkally bouttd to rise to tht ctiling rcdhtr than mix and circulate 
with the air sfratutn niar the fioor Uvel If the warm air is intro- 
duced at the minimum teniperattire necessary, dnd through a 
large grating, so that the velocity does not exceed 3 feet per 
second, the condition of things will be very different from that 
experienced in the experiments carried ool by Mr. Briggs^ when 
the inlet was at the floor level and the outlet near the ceiling. 
If the diagrams mentioned show the effects of the smoke used 
by Mr. Briggs, the experiments are as misleading as they are 
valueless. The conclusions arrived at by Mr. Briggs are correct 
so far aB obtaining a perfect mixture of the impurities, and making 
sure that the heads of the occupants shall be always surrounded 
by a vitiated atmosphere^ but Mr. Briggs must be credited with 
the desire to obviate such a state of things. 

When the question of downward propulsion is applied to 
churchca and buildings open to the apisx of the roof, and having 
much outlet space through cracks and fissures, the plenum systen) 
by downward propulsion must be a failnrCj because the hot air 
will escape without being of use to the persons assembled, whilst 
their feet and legs in winter will be frigid. 

The foregoing pages on the " position of inlets and outlets" 
have been relegated to the appendix because the question required 
considerable space for discussion, and was best left out of chapters 
iv, and v, on that account. The subject is, however, of much im- 
portance and worthy of the fullest elucidation. 

Some of the above arguments against downward propulaion by 
the plenum method were brought forward by the author in his 
evidence before the Select Committee of the House of Commons 
on the Ventilatinn of the House. 
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210, 211, 213-315, ^H 


— impuiities in, 49. 


— washing of, 53, 263^ 363. ^H 


— inlets, 22, 23, 3S, 31, 3% 52, 


— weight of, i^ 19, 23s, 266. ^1 


63-66, 67-71, 77-80, 99. 


Aqueous vapour in air, 6, 7, 49, ^| 


loo, 2ig, 225, 2a6, 330, 


50.52- ■ 


268-376. 


Amott's chimney valve, 36^ 37, 57, ^H 


poeilioTi of, 219, 271-276. 


58, 6i. ^H 


— ^ through skirting, 69, 70. 


Asbestos lireSr I40"I42. ^| 


to heating chamb^, 230. 


Atmosphere, the. dunng a thunder- ^f 


— ionisation of, 3, 26s, 263. 


storm, I, 261. ^H 


— moiature in, 6, 7, 49-52. 


composition of, not dclined, ^| 


— movements of, (rOm Open spaced, 


49- H 


39>40- 


Attics, ventilation of, 38, 33. ^H 


^^^. ^^^H 



^H 278 ^^^^^^^^^^^^H 


^H Bedrooms, ventilation of, iz, 12, 


Chimney-breast vendiators black the^^H 


^M 29-33. 


Celling, 6o-fi2, ^^M 


^^1 — bcRi temperature far, 15. 


foi attics, 33. ^^H 


^^M — chimncy-bceaat venttlalOrs foi-, 


bedrooms, 29-31,33. ^^M 


^H 39, 3a 


— dining-rooms, tH, ^^| 


^^H — Qpei\ vj'mdQvJS ici, at nigbt, II, 


grates fot working, 56. 57, 62. ^H 


^H 


in smoking-roomg, 26, 28, ^^| 


^H — radiators in, 223, 224. 


nurseries, 31. ^H 


^^^ Bi1 Hard' room, heating ot^ ig, 324« 


— — must be very sensitive, 58^ g^, ^^M 


^H ^s 


-with mica and other valves, ^H 


^^M — temperature of, 13, 


^7, ^S, 5^, jS. H 
without valves, 29, 30, 5S-60. ^^ 


^^^^B — ventila-tion of, 29, 76. 


^^^^^K BilUngS, Pr., on radiant heat, lo6> 


— draught, ig. 1 


^^^^^t the calculation of the 


— pots and cold chimneys, gi, 92, ^J 


^^^^^V ventjilating power of 


action of wind upon, 94^ 9^ ^^^ 


^^^^P ctiimneyg, 364, 265. 


cone- topped, 97. ^^M 


^ mavementsof hotaij", 274. 


— — ordinary, §6. ^^| 


^H Bird, Dr., on air-mkts between 


— — will not warm cold chinineys, ^^M 


^^M viEtdaw &aEhes, 65. 


^M 


^^H Blinds for windows, 6^ 


— — wind-guard, gj. ^^M 


^H — lattice, "J, &. 


— topa [n London, condition of, 83. ^^M 


^^M filower for iire-giates, go, 124$, 127^ 


Chimneyg and gas-fires, 13$, 137^ ^^| 


^H Bo3.rd SctiDoU and aii-inlets, 74. 


— conetruction of, 93. ^^^ 


^H Bailers foi horticultural WOtk, 243- 


— enlargements in, 71. ^^H 


■ 346. 


— in outside walls, Hi, B8>90. ^^M 


^H hot-wat«r apparatus in dwel!- 


— obstructions in» 87, 88. ^Tl 


^H ings i^9-iS6. 


— stnell of &oot from, in summer, | 


^^M — — position tor, JpJ, 237. 

^H — "kicking of, 252. 


II. 1 


— should they have bends ? 85-87. 


^^M ■ — management ai^ T88-191, 245. 


— amoky. See Smoky chimneys. ^^J 


^H — saddle, and others, 744. 


how to light the fixes, S9, 90. ^^| 


^H Brigg&, W. R., on poaition of 


— Sweeping of, 30, 103^ 104. ^H 


^H outlets, 275, 276. 


— veT^ulatJng power of, 18, 19, 83, ^H 


^H Bunsen burneis, 141, 142, 


264, afis ■ 




Coal, 117-119. ^^M 


^H Calculation of the ventilating 


— anal^es of, 123, ^^| 


^^M power df a chimney, 


— anthracite, [19, t20, 123. ^H 


^M ifi-19, ^4< 2^5- 


— ash in, 117, ti8. ^H 


^H — oflittle value, 


— cheapest not alwaya best, 117. ^H 


^H ^^5- 


— consumption of, in cooking ^^ 




ranges, ii3, 119, 134, 135. J 


^H quoted, 264, 265;. 

^^M Caihonic acid or anhydride in air. 


— ' for grates with Rues in outer ^^J 


walla, 1T9. ^^M 


^1 49. 53- 


Coal-gaa, 136-149. ^H 


^H Caipenier, Pmf., 265, 275. 


— carbonic dioxide produced b^ ^H 


^H Ceilings, blackening of, 60, di. 


burning in air, 133. ^H 


^H — ventilation through, 67. 


— composition of, 137. ^H 


^^1 Chairs for invs.lids, 116. 


— effects of moisture produced in ^^M 


^H Chimnsv. the, as outlet ventiUtoi, 


burning, 13S, 139. ^H 


^1 S3-62, 268-270. 


— " hydrogen in^ 137-139. ^^^| 


^H Ctiimney-breast ventiJatota, 26-28, 


— Dr. Parkes on, 13$. ^^^^^H 


^L 33. S7"62t 56, 3y, 127. 


1 CockE for radiator^ 20:, ^^^^^| 



^^^^H 


I^^HH 


^ INDEX. 279 ^1 


^M Coke, lao, tai. 


Fans. 31 34. 75, IS3-I5S ^| 


^H — an^ysis' of, 13^, 


— foe bedrooms, 31-33. ^^| 


^M — for green^houKS. 122. 


— osciliatingr 154. ^H 


^P Condensing gas-StDves^ IJJ^ 


PaniighCS over bedriMm doots, ^9, ^H 


CoDduction of heat, iij. 


^l. H 


Coji suaipti ve patieti C£ treated at 


Fire-giates (see also Scoves and ^H 


^m home, 13, 77-79. 


Kitchen ranges], IZ4'-I3I. ^H 


^M Convecced heat, 5. 113. 


— blowers for, 126. 137. ^H 


■ Coqking-ranges, 86. 98, 134, IJJ 


— defects in, 97-99. ^^| 


^1 — aad kitchen 6oon, 134^ 135. 


— how (0 remedy, 97"95^ ^^H 


^B — defects in, 9S, 


— fire-bars for, 125, 136. ^H 


^1 ^ economical working of, 134, 135. 


^ oldfasbionul registet, 124, 125. ^^M 


^1 CcMjking, smells Erom, 21-24. 


— openings above, laS, I^ ^^M 


^m Cubic space fbr each person. 62^ fij. 


^- Reid on, 136, 137. ^H 


^H Curtain for kitchen door, 34, 24. 


— - should regulate the air goin^ up ^H 


■ 


the chimne}', aS, 29, 56, &i, ^H 


H Deflected light and heat, 7, 8. 


62, t24, 126-129. ^1 


^B Diffusion of ail ihiough porous 


— sife of coal baakets lor, 125. ^H 


materia, 67, 6S. 


— glow combustion fieta br, las, ^H 


Pjninf-room, ventilation of, SS. 


126. H 


Distributing fittinga, 197-200. 


— special kind foi cold cbimneya, ^| 


Drains, 34-37, 


9^ ■ 


Draughts, how to prevent, 29, gfi, 


— the Galton, 130, 131. ^H 


57, 66, 68. 


^ to work chimney-breasl venti- ^^M 




lators, ^6, 29, 56, 57. 61, to, ^H 


Electric circuits for lamps, 168. 


127. I3&. ^M 


— convecior, 159, 160. 


-^ valves or dampers for, 136-128. ^M 


— cookers, lOo^ids. 


— with movable canopies, ^ 57) ^| 


— curler, 161. 


^1 


plug for, 171, 172. 


— without a basket, 129. ^H 


— current, charges for, 173, 174. 


Fircs^ under cold chimneys, how to ^H 


— fans, ja-34, 75, 153-155. 


light, 90. ^H 


in bedroomsandattics, 32,33. 


Flame as a steriliser, 149, 150, ^^| 


' W.C'8,33, 34. 


Flats, ventilation of, 9, to. ^^| 


— flat-iron, i6a. 


— aspect of, should be studied be- ^^| 


— heaters, I56>i(i3. 


fore building, 10. ^H 


— kettle, rSx. 


Floor-plat'C^s ibr radiators, 3O0g ^^| 


— lamps, 163-175. 


^H 


— ^ in small aieas, t72r 


FJoois, ventHation under, 35, 26> ^^| 


number and position of, i65» 


Flues, central, 76. ^^| 


17a 


— construction of, 93. ^^^^^| 


H — — tenewal of, r68-i7S 


— for gas firce, 136, 137. ^^^^^| 


■ — lighting, 163-175. 


-^ in offices and nats, 86, 871 ^^^^^H 


H cost of, [63, 173. 


outside walls, 81, 88-90. ^^^^H 


H — radiators, 30, 157, 160. 


— size of, 20, 71, 85, ^- ^H 


^m Electrical effects and thunderstorms. 


Fog and mist, eflects of, upon venti- ^H 


H I, 2&[. 


lation, so, 51. ^H 


^M Electricity and wttids, i, ^61. 


Friction of air getting into rooma, ^H 


^H — fomied during aic tnovements in 


14, iS, 18, zg. H 


^V large buildings, 261, 


smoke in chimneys, 16, l8> ^^| 


ElectiolietB, 169, 170. 


Fuel, 117-123. ^H 


Enlargements in chimneya, 71. 


— patent, and biickettes, I19. ^^H 



2So 
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FumacM for hcAting bittenes. of 
pipes, 329, 330. 

green-houses, etc, 343- 

246. 

must have good coke 

capacity, iS^i ^jOi S46< 

hol-waterboilera,i75-i86. 

^ ^ how to work them, 

188-191, 345. 

— — mnal not be WO 

large, 191, 392. 

Gas burnera, 143, 14J, 146-149. 

to be kept clsasi, 142. 

— ■ — — induce ventilation, 74,75. 

— cookers, 143-146. 

— =- tegulatora for, i-j^. 

— firesdonotcuresmokychitnneya, 

precaudons with, 136, 137. 

— lights,, where to fix, 147, 148, 

— pressure, regulators for, 145, 346. 
Gcyacrs, 142, 143. 

— ifluat have flues attached, 143, 

1.43- 

— white gas fiame burnere best for, 

143- 

Globes for lamps, 14S, igi. 
GraKs. See fire-grates and stovea. 
Gratings, air, far Siot-air system, 331, 

232, 238. 
Ground floor, ventilation of, 36>'3l^ 

Heat, 105-IIS 

— of breath, 3. 

— — huinan bodies, a, 

iUummants, 3, 205, 268-270. 

— radiant, 105-112. 

and heating dwellings, ri3- 

117. 

Clerk Maxwell qn, 307. 

coTiduaians. in reference 

thereto, 113, 132. 
Drs.Bi]ling6,ReidafldParke& 

on, 106. 
erroneous ideas about, 30£- 

13$. 

lower tones of, ioS-337. 

— — Meltoni on, IIJ, 

vibrations of, 108. 

Heating air and ionisation, 202, 263. 

— by coal-gas, 336-145. 



Heating by electriicity, ie6-i62, 

— cost of, 156, ite. 

hot air, 229-237. 

— — hot water, 133. 134, 376-228, 

243.-2^. 

advantages of, 176, 177. 

cheaper than by Eteam, 

248, Z49, 254, 255. 

objections to, 17S. 

^ points to be [;oted, 249- 

254- 

— why not wider adopted I 

177. 

— ^- ateam v. hot water, 248, 249» 

=54. 255- 
stoves, 243, 242. 

— horticultorBl houses, 243-25S. 
pipes arranged so that half 

can be cut olT, 3^, 2^. 

— stables, 258, 259. 

— Surface, ioz, 20^, 31J'21^, 255' 

258. 

— ■ — for horticultural houses, 255- 

generally insufficient, 3E5>* 

2t8. 

Kood an flajne, 141. 
Hot-air ductSr 231-235. 

— — nyfitera, 229-237. 
' tends Co smoky chimneys, 

237. 

modiBcatcon of, 337"239. 

another modification of, 

339, 240. 

not self-acting, 240. 

Hot-water furnace and boiler, 179- 
186. 

— pipes, 246-253, 

sre beat hxed in the samq 

plane, 247, 248. 

— — by the side of the footway in 

green-houees, 250, 
flow and return, wide apart, 

251, 252. 

— — for green-houses, etc., 247, 

stables, 258, 259. 

beat by tadialion, I34» 315. 

- — — heating^ surface for horticul- 
tural work, 255-258. 

ahould be latger than 

generally used, 256, 257. 
— aupporis. for, 252, 253. 
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^ TTTrTTTn^ 


^ INDEX. 381 


V Hot-water pipes, lyphonii fc^, 347. 


Light, intensity of, 165, t66, 1G8. 


B temperature lecom mended. 


Lighting by acetylene, 149, 150. 


H 349, 25D, 2S6-2^, ZO3; 

V to be evenly aistfibmcd, 251. 


— — coal-gM. I45«'i^ 


electricity, 163-175. 


— — water troughs for, 2^ 
House drains, ventilation 0^34, 57. 


— — oil, 150, 151. 


Living-rooms, 3, 4. 


_^ Hoiue of Commone, tempcratuieof, 

V — ventilation of, 5a^ 263, 

273, 276. 
Houfees, bow to iceep, oaol in 


— best tempetatuTie foI^ JJ. 


Lobster-back cowls, 9<;, g^. 


Louvre ventilators in windows-, 65. 


HANTLkS for incandeBcent gai- 


K Bummer, 4-0. 


burners, 147. 


■ 


Mica valve vcnlilatOfB, 37, 38, gf^ 


BtlNCA!fDE5CENT gM btltnCTS. I46- 


58, 71- 


■ '^ , 


Miftt a^d fag, effect of, upon venti- 


H — — mantles for, 147. 


Ulion, 5ij, 51. 


Independent boilers, 17S-189, 243- 


Moisture for greenhouses, etc, 


345- 


353- 


how to wotIc, E8&-191. 


- in air. 6, 7, 49-51, 52. 


must not be too large, zqt, 




■ • Bizc and construction of, 179- 

■ 186, 246. 


Natural ventilating forces, i, 2. 


Nature of heat, t05>ti5. 


tivtiery, the, 4. 


Inlet air, 2a, »3. sB, 31, 32, 63-66, 


aspect of, 33. 


K ^25, 226, 230, 268-376U 


healing surface for, 2l8| SIQ. 


ventilation of. 3,1, 32. 


■ — — distributor, 6S. 




H for a ritirbery, 32, 


Oil cookers, 151, 163. ^^^^H 


H — bediooms, 3I. 


— g-eyser^, 151, 15^. ^^^^H 


H — dining-iooma, 28. 


— Eamps, 150-153. ^^^H 


H — ■ drawing- rooms, 28, 


^^ — precautions witb, 152, ^^^^^H 


IP kitchens. 22, 23. 


One-pipe Eystem, 196-199. ^^^^| 


through porouft walls, etc., 


disadvantages of, i^. ^^^ 


67,68. 


Outlet air Bha/ts separate from ^H 


— — to be Bubdivided, 63, 68. 


chimneyg, [5, 71-77. ^H 


wasted, 53-58^ 


OutJets for air, 26-33, 53~<^r 7i~79i ^| 


Inlets, position of, iig. 231, 232, 


tfS, 177, 225, 230, 236, ^H 


271-276, 


368-376. H 


loni^tion of air, 2, 362, 263. 


for stables, 79, 80. ^H 




near the Ceiling, 27, 57- ^H 


jBRRV'BDII.D1Tf?, cffcCtB of* UpOH 


63, 2^3, 370, 37t, H 


windows, ]oit m 


^m 




floorlevel, 268,371- ^M 


KiTCHEK doors and windows, tiow 


376. ■ 


to manipulate, 21-24. 


position of. 27, 268*276. ^H 


— fire a ventilating agent, 3. 


Oxygen in air, r^. ^^^^| 


Lamf shades, 148, 17a, 171. 174, 


Painting radiators, 226. 227. ^^^^H 


'75- 


Physical laws bearing upon dwell' ^^M 


Lampv, electric. See electric lamp?. 


ing$, I "30. ^H 


Light, loss of, by shadea and glob«B, 


Plates, floor, foi radiator piping, 300, ^H 


148, 174. 


^H 





^^^^^H^^^^^^^^^^^^^^^^^^^^^^^^^^^^^I^^^^^^^^^^^^^^^^^^^^^^^^^^^H 


^ aw INDEX. ^^^H 


^^M Plenum method of venUlaCion by 


Radiators in chief living-room, On 1 


^H downward propulsion, 272- 


a separate lead, 194, 195. J 


^H ^v^ 


— — livingTOoms, 220-223. ^^M 


^H Pipe covering, 193, 194. 


iron cases, 227, 228. ^^H 


^H — flupportG, 253. 


tcQughs, 307. ^^^^^1 


^^H — ~ ByphoTis, 24'7n 


~ mdiiect, 225, 226. ^^^^M 


^H — systems, 196-199. 


— legs of, 207. ^^^^^ 


^^B compared, 324. 


— must be low, 308i 309, 213-2E4. 


^^^^^ ^ipcs for hot water arranged so that 


— painting of, 226, 237, 


^^^^L hAlf eui be cut ojT, 357, 


— plain, reCOmmeilded, 208, 


^^r >5^. 


— positions of, illustrated, 2i7,2i9>' 


^^M to radiatoifl, sizes and in- 


— should have largeheatingsurfkce ^^M 


^H stnictioniS, 193-300. 


^^B Piping, One-pipe eysteni, I9lS'I99i 


in nuisery, ICJS- ^^| 


^H 


sections wide ftpart, 207* ^^| 


^H — for green-tictu&e&, tic, 2^-25^ 


208. ^M 


^H — two-pipe syfitem, 194, 196-199;^ 


— table giving heating surface of, ^H 


^H 234. 


^H 


^^M Preaaure and velocity of wind, t8, 


— temperature of, 307* *^3" ^^1 


^H 235, 265, 267. 


— under windows waste heat, 219, J 


^^H — On ail in rooms deCTeased by 


330. ^J 


^H fires, 14, I5t.72. 


— valves for. 200, ^^M 




— why kepi at a moderate tempera- ^^M 


^H :t20, 333, 268-270. 


ture, 314, 215. ^H 


^H Funliahe, 155, 156. 


— with ccoss-pieccR betW'Cen ixi- ^^M 




umne, 210. ^^^ 


^H Radiant licat, 5, I05-EZ3. 


— ^- single columnfi, best, 26S- J 


^H Radiating surface, methods of es- 


^H 


^H timating, 255-257. 


Radio-activity of substances in air, ^H 


^H pointed, 236, 327. 


261-363. ^H 


^H ^^ ^- required fof heating, 216-219. 


Reduced atmospheric pressure in ^^1 


^H Radiation, 106. 


rooniB with &res, t4~l6, J2. ^^H 


^H Radiators, 202-327, 229. 


Reid, Dr., on inlet air, 6g. ^^| 


^^B — air circiilation by, 304. 


Rooms, how to kee^ cool in aumtner, ^^H 


^H cockE for, aor. 


4> ^1 7-9- ^H 


^^M — arcangenient of important, 198^ 


— in basement for hot-water boilers ^H 


^H 219-225. 


should be lofty, 194. ^^M 


^^M — copings O'vei, unsuitable, 227. 


-^ colleges, 100, loi, ^H 


^H — floor plates for, 300, ^ai. 


— to be kept dark at mid-day in ^^H 


^H — flow to, 196, 197. 


summer sunshine, 7, 8. ^^M 


^H — for bi!liard-rooms, 224, 225- 


^^H 


^H hospital work, 3io, 211. 


Sanitary arrangements in old ^^M 


^H — form commended, 210. 


houses,. 47, 4S. ^H 


^^M — heat by radiation, 114. 


— authotities, duties of, 48. ^^M 


^H — heated by gas, I39'<i4i. 

^H — heating by, in a rooti), 370, 371. 


SchDolroom air supply, 37^1 ^73- ^^| 


Settles in farm-houses, 115-117, ^H 


^H ^urfac^ oi. 2o2, 203, 2l6-3I9. 


Sewer gases, ingidiOuB, 34-37* 1 


^H — ' — — riot equally effective, 203. 


Sewers, ventilation of, 34''37i 4'^"4Si J 


^^K — oi-, mu3t nQl be esiceasive, 


— Dr, Weaver on, 35, 36. ^^M 


^B 216^ 217. 


Shelves in green-houses, etc., 353, ^^M 


^B — height of, 3t>8, 209, 312-3T4. 


.^5+- ^ 


^^ — in bedrooms, 323, 224. 


aij- Spaceft between, 254. J 
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Shcrlngham ventilator, 33, aS, 31, 


Sun, unequal heating of, a venti- ^H 


66. 77, 99. 


lating force, 3;, 4, 10, ^^M 


Silk sbade3 fot lainps, 174, i75- 


Syphons, for hot-water pipes, Z47' ^^| 


Sitling-rooma, best temperatuie for, 


^^H 


13- 


Table of heating surface for rooma, ^^M 


Skirting is air inlet, 36, 69, 70. 


318. ^H 


Slow combustion fret, 125, laf^. 


— — weight of air^ 2d6. ^^H 


in furnaces and stoves, i.d- 


" Tail-hoys/' S2, 92. ^H 


vantages of, 120, 123, 127, 


— On a residence, g2. ^^H 


133, tgo, 191- 


Temperature, II-14. ^H 


Smells from cooking, 3I-34. 


— of air above tops of radiators, ^^M 


Smoke in chimneys, velocity of, S3" 


310, 313. ^1 


Jtf, 124, 135. 
Smokin^'roffms. moi&ture in aii of, 


— supply in the hot ■ air ^^M 


sytitem, 234. ^H 


50. 


— — — in rooms much higher ^H 


— — heating of, 26, aiS. 


near the ceiling thsn near ^H 


Smoky chJianeys, 16, 81-IO4, 236, 


the floor, 304-306. ^| 


237- 


bedrooms, 13. ^^^ 


can be cured, Sa. 


billiard-roDCns, [3. ^H 


Causes of, 85-39, IQI, IO3. 


hot - water pipes recom- ^^M 


caution to owncis of, Sz" 

84. 
-^ — expense of, 84. 


mended, 249, 35t>, 356- ^H 

358, 2G3. ^H 

radiators, 207, 214, zt^. ^^H 


£roin small rooms wanting air 


sitting-rooms, 13. ^^H 


inletR, gg, lOO- 


— in the sun amt ^hade, 5-7- ^^H 


how the Cure is usually at- 


Thermometer in every room, 14. ^^H 


tempted, 83-84, 


Tobin shafts, 65. ^^| 


— — how to core, 87-93. 


Tricks of cawt-setler&, 83, S3. ^^M 


— ^ bow to detect, 82, 


Two>pipe aystem, 194. 196^199. ^^| 


Soil-pipes, ventilation of, 34-36. 


^^1 


— precautions witli, 3C, 37, 


VALvEg for hot-water pipes, 357, ^H 


— tops for, 36. 


■ 


Soot in chimneys, 8i, 83, gg, I02- 


radiators , zoo. ^^M 


IM. 

Stableg, heating of, 258, 259. 


Vegetation^ cooling effects of. in ^H 


summer, (L ^H 


— ventilatipn of, y^ 80, 

Staging in green-houae^ etc., 353, 


Velocity of smoke in chimneys, 53- ^H 


3&, 124. i^S- ^1 


354- 


the wind, table of, 367^ ^H 


Steam and hot water for heating, 


Ventilating by electricity, 153- ^H 


248^ 249, 254, 335. 


156. ■ 

Qownward piopuEsion, 3/73" ^^M 


Stove:6 (see aleo Eire-giates), I3i> 


134, 241, 243. 


a7& ■ 


-~ anthracite coal for, e2o, 152. 


— eas burners, 74, 73. ^^M 

— fans. 75, IS3-I36, ^M 


— dampers, for. Unsuitable, 133. 


— heat by radiation, 114. 


— power of a chimney, 16-19, 39, ^H 


— should evaporate wacet, 134, 


a«4> ^5' ^1 


=- glow combustion, ia>, 133, 


— presifure, I4«20. ^^H 


— used in America, 131, 133. 


and faction, 16, iB. ^^H 


Sun and shade, ^-J^ 


ealcuiiitigii of, l6"I0, 264, 1 


— heat of, in the morning, 5. 


36s J 


— heating effects of, Upon dwell- 


haw to increase, 19, 3a ^H 


ings, 4-6, 


— shafts^ 76. ^^M 


—M 
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Ventiiation^ amoLint of air for, 52-57'. 

— of a house, 21-37. 

kiUhen, 31-24. 

nursery, 51, 32. 

small itltting-iciam, 38, 29. 

workshop, 76, I 

— - — bedrooms, 2i9-33. 

billiard-roorne, 2g, 76' 

— - — cenais and basements, 24, 25. 
dining-roome, 28. 

drawing-rooms, 2S. 

. dwelling-roonts in colleges, 

XOO, lOI. 

— — flats and tenementB, 9, IQ. 
living-rooms in Gummer, 4,d, 

7- 

— — roams foi consumptive in- 

mates, yy-79. 

sewers, 34-37, 46-48, 

Boil-pipes and dialns, 34-36. 

— — the House of Command, 54, 

rf3, 273, 376. 
W.C'a, 33^ 34. 

— plenum method qi, Sffi^rjo. 

— [tirough ekiiting in rooms, 26, 

69, 70. 

Ventilatoi for a boiler-iOOm, 187. 

Ventilaloia in the chimney-breast, 
a6, 36, 33, 57-62, 
66, 87, 127. 

^ for bedrooms, 39-51. 

walls cnder floors, 3^ 26, 

— with mica valves unreUabler 57, 

58. 

Warmeng by hot-air aystems, 229- 

242. 
^- — hot-water pipea, 246-259. 



Warming by ^team-pLpcSj 34S, 34M 

254. 255- 

radiators^ I76-228- 

Washing air, 52, 262> 263> 
W.C'S, ventilation of, «, 34. 

— in 014 houses, 17, 48; 
Water impinging against 2 vertical^ 

surface, 42, 43. 

— evaporation of, fi, 
effecla of Upon ventsla- 

tjon, 6, 
— - vapour in air, 6, 7, 49-51, 52. 

— seal desttoyed m W.C. pans, 36, 

Weaver, Dr., on the ventilation 

sewers, 35. 
Weight of ail, 18, 19, 235, 266. 
Wind, action of. Upon a town house, 

44- 

— drains and acwers 

cliffs and tcrracesii 

46,47- 

— — Ybranchroads, 40, 41 

— effects upon chimney-top?, 43, 44. 

— preastiieagftLnstverticalsurfaceB, 

^^ 

— — and chimney draught, 43j . 

velocity of, tH, 235, 2t 

267. 

— auction over a crescent, 44, 45, 
— ■ — — open spaces, 39, 40, Jfl, 
upon chimney-pots, 45, 46. 

— -^ - — windows, 46, 101. 

— velocity and force of, 367, 
Windows, blinds for, 64. 

— to be closed when the fiUB i 

shining upon them, 7-9. 

— ventilation by, 3I, 63-05- 



THE ABERDEEN (;NIVERSITV PRESS LIMITED, 



